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AUTHOK'S PREFACE AND

ACKNOWLEDGMENTS.

The proseiit work is an attempt to give an up-to-dat© account,

likely to be useful for reference to those working on the

subject, of the species and varieties of Anophelini so far recorded

from the Indian area.

In such a task the author has found it necessary in certain

directions to incorporate very largely the work of others,

and some acknowledgments in this respect are necessary.

The account of larval characters and the descriptions of the

larvffi here given are entirely based on the very complete

work of Puri, especially his Memoii'. 1 am also greatly

indebted to this author for much kind personal help. The

Key for the Identification of the Larvse of Indian Species,

after Puri, given in Part II., is taken, with the author's and

Government's permission, from ' Health Bulletin,' no, 16,

1930*.

Pupal characters are to a large extent taken in an abbreviated

form from Senevet, but the classification in part, and some

new descriptions, are my own. The pupal characters of the

Indian species have as yet been very inadequately worked out,

and those given here must be regarded as very brief and

provisional.

Data on the distribution of the species in India, and on

the relation of different species to malaria transmission, have

been taken from the two very full memoirs dealiisg respectively

* For detaila of vuious publioationa mentioned, see Bibliography at

end of volome.
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with these subjects and subsequent publications by Covell.

Covell's very useful summaiy by districts of the distribution

of the species in India, given here as an Appendix, has been

taken, with the author's and Government's permission, from

' Health Bulletin,' no. 17, 1931.

Full use has been made of the papers by Sinton and Covell

and Barraud and Covell on pharyngeal structure, and I am

also indebted to these authors for kind jK^rmission to use

their preparations. Further studios have, however, been made

by me since the pubUcation of theh works, and much now

given under this head is now.

Much of the systematic work has been taken, brought

up to date, from my Catalogue of 1924. The synoptic table

for adults, given in Part II., is based on the table pubhshed

by the Malaria Survey of India in ' Health Bulletin,' no. 10,

in the compilation of which I took part.

Finally, I am greatly indebted to Dr. F. W. Edwards for

very kindly allowing me to use his MSS., before pubUcation,

of the section on Anophelini in his recent comprehensive work

on the classification and systematics of the Culicida>, published

in ' Genera Insectorum." So far as possible, use made of this

has been acknowledged in the text, but its early consultation

has given me many facilities which I can only acknojifledge

here.

S. R. CHRISTOPHERS.
London.

August 1933.
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ABBREVIATIONS USED IN KEYS AND
DESCRIPTIONS

(in the order usually employed in the descriptions).

Adult.

t Torus (of antenna).

/» Flagellar segments (of antenna).

rhs Rudimentary basal segment (of palp).

apn Anterior pronotal lobes (prothoracic lobes).

ap Anterior promontory of mesonotum.

af Anterior forked cell.

pf Posterior ditto.

Larva.

oc Outer clypeal hair.

ic Inner ditto.

pc Posterior ditto.

is Inner shoulder hair (inner submedian prothoracic).

rris Middle ditto.

da Dorsal anterior pleural hair of (1) pro-, (2) meso-, or

(3) metathorax, respectively.

va Ventral anterior ditto.

d-" Dorsal posterior ditto.

vp Ventral posterior ditto.

spc Spiracular ehitinisation.

mps Median plate of scoop.

ps Postspiracular hair.

OKC Outer submedian caudal.

wc Inner ditto.

]-3 Thoracic segments.

I- VIII Abdominal segments.





Order DIPTEEA.

Family CULICIDiE.

Tribe ANOPHELINI.

PART I.—GENERAL.

I. INTRODUCTION.

MosQtriTOES of the tribe Anophelini are commonly spoken
of as the Malarial Mosquito, Anopheline mosquitoes, Ano-
phelinos, or " Anopheles." They resemble in their chief

characters other mosquitoes, but are generally to be recognized

at once by their spotted wings and their characteristic

attitude when at rest on walls or other objects *.

According to entomological definition, the Anophelini
are distinguished from other mosquitoes by the long female

palpi, which are about the same length as the proboscis.

In the male the palpi have the last two segments swollen

and somewhat flattened, forming a characteristically shaped
club not unlike the head of a golf-club, which appearance,

together with the spotted wings and attitude, usually sufiSces

to distinguish the males of Anophelini from those of other

mosquitoes f.

* Actually many species possess entirely unspotted wings. The
commoner species in the tropics, however, mostly have spotted wings,
though sometimes in dark species the pale spots are very small, and
scarcely distinguishable without a lens.

Some Tipulidffi (small crane-flies) and Chaoborinse (proboscis-less

mosquitoes) may show a similar resting attitude, but no other Culioidse.

Some Anophelini, on the other hand, have a somewhat OwJex-Iike attitude,

though a typical hunch-back {Mansonia-like) attitude is practically

confined to the rare and aberrant South American genus Chagasia.

t For details of characters of the tribe, see description of parts given
in Section III. of this part of the volume.
During life the palpi of the female (except when the insect is

feeding) are held closely approximated to the proboscis, so that the

KEPT.—^VOI.. IV. B



I ANOPHELINI.

The attitude of Anophelini when resting is very character-

istic and is often referred to. Both in Culicini and Ano-
phehni the fore and mid-legs are usually placed with the

sharply flexed tibio-femoral joint directed upwards and the

last tarsal segment or so only resting on the supporting

surface, so as to give, with the first two pairs of legs,

four points d'appui, more or loss corresponding to the corners

of a square ; these legs form four approximately equal

arches, supporting at a central point the weight of the
body. In Culex the body is so slung as to be horizontal,

the coxse of all the legs being equally distant from the

supporting surface, whereas in Anophelini the body is

strongly tilted downwards at the head-end, each pair of coxae

from before backwards being progressively further away
frojn the supporting surface. Taken in conjunction with
the shape of the body, this causes the abdomen to point

markedly away from the surface and the whole body to form
with this an angle which may even approach 90° (fig. 1).

The hind legs as a rule take little or no part in supporting
the body, though they are often placed so as to touch the

supporting surface, and even at times are used to give support.

As also in some Culicini, these legs are very commonly hold
in the air, often high above the abdomen *.

The exact angle made by the insect's body with the sup-

porting surface varies considerably not only with the species,

but also according to whether the insect is resting on a vertical

or horizontal surface or suspended from the latter, and, also,

whether the insect is in a fed or gravid condition or not,

or is fresh and lively or weak. A more or less Culex-hke
attitude is seen among Indian species in A. aitkeni and in

two palps and the proboscis give the effect of a single organ. In the
living condition all that an examination under a lens may show,
especially when the palps are thin and delicate, is that, in Anophelini,
the finger-like or bud-like palpi seen at the base of the proboscis
in culicine mosquitoes are not to be made out. When the insect

is dead, and the tissues somewhat dried, the palpi separate, and these
organs, with the proboscis, may give a trident-like effect (fig. 2).

* In the female anopheline the tip of the labiimi and the palpi
are brought so close to the object rested upon that they are almost
in contact with it. The tips of the tibia of the fore legs, which, both
in Anophelini and Culicini, reach to a level slightly below the head,
are in Culicini so situated as to lie behind the head, whereas in

Anophelini they are in front of the head, and in side view usually cross
the line of the proboscis or are entirely in front of this. The mid-
femora and tibisB, which in Oulex, in lateral view, cross the line of the
abdomen, are usually, in Anophelini, entirely below this structure.
Accentuating the distinction in attitude is the fact that the tarsus in
Anophelini is usually relatively longer than in most Culicini, and the
insect is, therefore, raised higher.
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A. cuUciformis and A. sintoni. In A. cuUcifacies the body

is held rather close to the surface, and in fed or gravid females

may have a very Culex-like appearance ; but, though the angle

formed is small, the anophehne attitude is generally quite

Fig. 1.

General structure and resting attitude of living insect :—1. Dorsal view

of unfed $, showing position of wings folded and expanded.

2, Lateral view of an anopheline {A. annularis) resting on a

vertical surface. The specimen is engorged to some degree.

A, Abdomen.
c. Coxa of fore leg.

ce, Cercua.

d, Dorsum of abdomen (ter-

gites).

/, Femur.
H, Head.
p, Pleura.

T, Thorax.

t, Tibia.

tr. Trochanter of fore leg.

ts, Tarsus (segments 1-5) of

mid-leg.

w, Wing.
V, Venter of abdomen (stem-

ites).

1-3, Fore, mid-, and hind leg

respectively.

B 2
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distinct in the unfed female, especially when suspended.

The majority of species form angles with the surface on which
they rest of from 30 to 45°. In A. hyrcanus and A. barbi-

roatris the angle is very exaggerated, and approaches almost

a right angle.

Equally characteristic of the tribe is the straight con-

figuration of the body, the head and proboscis being nearly

in the same line as the rest of the body. As a consequence,

the angle formed by the under surface of the head with the

prosternal region of the thorax is much larger in anopheline
than in culicine mosquitoes (120° as against 90° or less).

The attachment of the abdomen, further, is such that its

axis forms about a right angle with a line joining the middle
coxa with the middle of the dorsum of the thorax, whereas
in culicine mosquitoes the angle is much smaller, in some
cases less than 45°. Even when the attitude is somewhat
Culex-lihe, e.g., in A. cuUcifacies, the straight configuration

of the body still largely holds good.

The spotting of the wings * is very characteristic of

Anophelini, though not entirely confined to this tribe of

Culicidse, whilst many species of the tribe do not show it.

The common European species A. macttlipennis has wings
spotted with small dark spots due to aggregations of scales on
the wing-field ; but the more usual and typical form ofspotting,
and that which is seen in the majority of species, is due
to pale spots on the costa and wing-veins caused by the

veins being alternately clothed with dark and pale scales.

The effect is to give rise to linear dark or pale spots, these

appearing either as pale spots on a dark ground or vice

versa, though about an equal amount of pale and dark is

common.
Other features characteristic of the adult insect are noted

under the Key to Genera and Subgenera and in the systematic

part of the work. The most important are the bar-shaped
scutellum, with the scutellar hairs forming an unbroken
row f, the single large claw on the fore legs in the male,

and the absence of a regular imbricated vestiture of scales

on the abdomen, as is universal in Cuhcini. Though
numerous scales may be present in some Anophelini on the

dorsum, the sternites are always in large part bare.

So far as is known, the median acinus of the salivary gland
in Anophelini is saccular, thus differing from Culex, where
it is tubular, with a narrow duct. The female carries a single

For a study of the wing-spotting in Anopheles, see Christophers,
Ann. Trop. Med. and Par. vii, p. 43, 1913.

t The rare genus Chagasia is, however, exceptional in these respect*
(see Key to Genera in Part III.).
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spermatheca, three being the usual number in Culicini,

though a single spermatheca may be present in some forms.
The larvae of Anophelini * are distinguished from the larvae

of other mosquitoes by the absence of a supporting tube
(siphon) to the spiracular apparatus f, by their horizontal
attitude when at rest or moving at the surface of the water,
and by the fact that, when supported at the surface, their

bodies are actually in contact with the surface-film by means
of their abdominal float-hairs, which cause little dimples
in the surface. A further character of the larva is the abihty
to rotate the head through 180° to allow of feeding at the
surface. They are also pecuhar in possessing eversible
organs on the thorax (eversible organs of Nuttall and Shipley),
and the large hairs are for the most part pinnately branched
in one plane. The larva> of Anophehni are found in nature
almost exclusively in natural waters and, unlike many Culicini,

are rarely found in pots and other domestic collections

of water J.

The egg is also characteristic, being usually boat-shaped,
with a demarcated upper surface and laterally situated
floats §.

The total number of species known in the world is about
170, of which 42 species, with 10 varieties representing local

forms or subspecies, have been recorded from the Indian
area.

BlBLIOGEArHY.

For an elementary and semi-popuJar account of the characters
and bionomicB of Anophelini and their relation to disease, etc., see
Dauglish, ' The Anopheline Mosquito,' John Murray, 1911 ; Edwordg,
' Mosquitoes and their Relation to Disease,' Brit. Mus. (Nat. Hist.),

Econ. Ser. no. 4, ed. 4, 1931 (price 4d.) ; Edwards and James, • British
Mosquitoes and their Control,' Brit. Mus. (Nat. Hist.), Econ. Ser.
no. 4a, 1925 (price 6d.) ; Crawford and Chalam, 'Mosquito Reduction
and Malaria Prevention,' 1926, Oxford Univ. Press (price 3 rupees),
Covell, in Ghosh, ' A Treatise on Hygiene and Public Health,' 7th ed.
1930, Calcutta, Sci. Publ. Co. A very excellent little book, giving
much information, is Hegh's 'Les Moustiques,' Brussels, 192).

Complete monographs on Anophelini of a modern character
do not exist, but the following are monographic studies dealing with

* For characters of the larva, see Section III. (" Characters used in
Identification and Classification").

+ The whole of the respiratory apparatus of Anopheles is represented
by the parts at the tip of the siphon in Culicini.

} A common and important Indian species, A. stephenai, however,
is noted for its power of breeding in cisterns and other artificial breeding
places. Most species are rarely, if ever, found in artificial receptacles
unless these give breeding places in some degree approaching natural
collections of water. A number of species of Anophelini breed entirely
in holes in trees ; no fewer than four species in the Indian area adoipt
.this special habit.

§ For further description, see Section III.
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Anophelini of various countries or regions (commonly along with other
mosquitoes) :

—

Palwarctic Region.—Edwards, " A Revision of the Mosquitoes
of the Palsearotic Region," Bull. Ent. Res. xii, p. 267, 1921 ;

Martini, in Lindner, ' Die Fliegen der Palsearktischon Region,'

Lf. ys, 40, 46 and 53 (index); also Lang, 'A Handbook of

British Mosquitoes.' 1920.

North Africaand Mediterranean.—Seguy, " LosMoustiques do I'Afriq.

Mill., etc.," Encyclop. Entom., Leohevalier, Paris, 1924.

Egypt.—Kirkpatrick, ' The Mosquitoes of Egj-pt,' Cairo, 1925.

Tropical and /South Africa.—Bedford, in 1,3th and 14th Repts.
Director Vet. Educ. and Research, Pretoria, 1928 ; Evans, Mem,
no. 3, n. s. L'pool Soh. Trop. Med.

India.—James and List on, 'Anoph. Mosq. of India,' 2nd ed., 1911.

Also Synopses, etc., published by the Malaria Survey of India,

in Govt. India Pnbl. H. Bulletins (see list of important recent

works at beginning of Bibliography in this volume.)
Dutch, East Indie,i.—Swellengrebel, " Die Anojih. v. Ned. Oost

Indie," 1921, Kolon. Inst. Amsterdam, Moded. xv ; Swellengrebel
and Rodenwaldt, ibid., Giistav Fischer, Jena, 1932.

Philippines.—Recent papers by W. V. King (see full Bibliography
at end of this volume).

Japan.—Yamada, Sri. Repts. Govt. Inst. Inf. Dis. iii, p. 215, 1924
;

iv, p. 447, 1925.

Auntralia.—Edwards, Bull. Ent. Res. xiv, p. 351, 1924.

America.— Howard, Dyar, and Knab, 'Mosq. N. and C. America,'
iv, 1917, and ii, 1912 (plates) ; Dyar, 'The Mosq. of the Americas,'
1928; Costa Lima, ' Trat. dc'Parasit.' ii, p. 648, 1930; also

papers by Root, Shannon, and Davis (see Bibliography).

For catalogues of world species, etc., see Christophers, Ind. Med.
Res. Mem. no. 3, 1924; Covell, *. no. 7, 1927; Edwards, 'Gen.
Insect,' Ease. 194, 1932.

For internal structure, see Christophers, Repts. Mai. Comm. Roy.
Soo. ser. 4, 1901 ; Nuttall and Shipley, Joum. of Hvg. i, pp. 45-77,
269-276, 451-484 ; ii, pp. 58-84, 166-215 ; Thomson, Proc. Boston
Soc. of Nat. Hist, xxxii, 145-202, 1905 ; Imms, Journ. of Hyg. vii,

pp. 291-318, 1907 ; id., Para-sit. i, pp. 103-132, 1908 (larva) ; Hurst,
Trans, and Ann. Kept. Manchester Microsc. Soc. 1890 (pupa) ; Roy,
Ind. Joum. Med. Res. xiv, p. 995, 1927 (oesoph., divert., and sal.

glands). See also under " Mouth-parts," "Thorax," "Wing," and
"Hypopygium."

II. CLASSIFICATION.

The classification adopted in this volume * is, as regards
the genera and subgenera, that given by Edwards in his

most recent work, which appears most satisfactorily to display
what is known up to date of the affinities of the main groups
and of the aberrant forms of Anophelini. Of the three
genera recognized, the genus Anoipheles, which alone occurs
in the Indian area, includes the great majority of species

In the main the classification is that given by me in 1915 and 1924,
since extended by Edwards in the work referred to. For the classi-

fication as it affects species recorded from India, see the Systematic
Index. For a fuller statement, see Part III. (Systematic) of this work.
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in the tribe. Structural differences such as can be used
satisfactorily for classification have for the most part been
brought to light only comparatively recently. The classi-

fication of Theobald and others on scale-structure has shown
itself, in the course of time, inadequate and misleading, chiefly

because it is evident that scale -structure in the tribe has

progressed on somewhat parallel Unes in a number of distinct

phylogenctic stems. This classification has now been aban-
doned for others of a more satisfactory character.

Classification by Male Oenitalic Characters.—After separation

of the genera Chagasia and Bironella on the male tarsal claws,

etc., the most satisfactory primary subdivisions appear to be
those given by the male genitalic characters, i. e., on the number
and arrangement of the parabasal spines. Such subdivisions

are generally agreed to be most conveniently treated as

subgenera. They are not only consistent with the general

structure and ornamentation of the adult (Christophers,

1913, 1915, 1924), but also accord closely with subdivisions

based on the recent work on pharyngeal characters by Sinton

and Covell (1927) and Barraud and Covoll (1928, 1929)

and those based on the pleural hairs and other characters

of the larva as recently shown by Puri (1929, 1931).

The characters and arrangement of the parabasal spines

on which these subgenera are founded are sufficiently indicated

in the Keys to Genera and Subgenera in Part III. The great

majority of species fall under one or other of the subgenera
Anopheles, Nyssorhynchus, and Myzomyia, only the first

and last of which occur in the Indian area.

Classification by Pharyngeal and Larval Characters.—Sub-
divisions based on pharyngeal and larval characters follow

in the main those made on genitalic characters, and serve

to strengthen the subgenera ; but, whilst in no instance

contradictory *, they sometimes give greater or less emphasis
to particular subgenera and groups than do the genitalic

characters. This is especially noticeable with the subgenus
Nyssorhynchus and group Nemnyzomyia ofsubgenus Myzomyia.
On the whole the genitalic characters appear the most

suitable for the primary definition of the subgenera owing
to their certainty and preciseness. The pharyngeal and
larval characters, besides supporting the subgeneric divisions,

have a special value in establishing the groups.

The accompanying schema illustrates the general relationship

of the classifications based on general adult characters,

pharyngeal characters, and the pleural hairs of the larva :

—

• The only real anomaly in the classification based on genitalia

is the remarkable character of the hypopygium in A. parangensis,

which is not specially peculiar in any other feature of its organization.
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Classification by Pupal Characters.—The pupal characters

of a considerable number of species have been described

by Senevet. As a general rule division into Anopheles and
Myzomyia is indicated by the paddle-hair (short and straight

m Anopheles ; long and hooked in J/j/zowyia). Nyssorhynchus
and also group Neomyzomyia * are akin to Anopheles in this

and some other respects. The following is Senevet's pro-

visional table for the genera and subgenera f :

—

Spine VIII without lateral branches.

Hair C transformed into spine Genus Chagasia.
Hair C not so Subgen. Nysso-

Spine VIII with several lateral branches.
[ehynchus.

Paddle-hair short and straight Subgen. Anopheles J.

Paddle-hair long and hooked Subgen. Myzomyia.

The groups of subgen. Anopheles and, especially, of subgen.

Myzomyia seem, however, also to some extent to be indicated.

The following, in the main at least, holds good for the latter

subgenus :

—

Paddle-hair short and straight Neomyzomyia.

Paddle-hair long and hooked.

Spines IV-VII long, IV as long as or onlyJ Myzomyia.
somewhat shorter than V and sharp \Paraniyzomyia.

Spines V-VII only long, IV abruptly reduced f^eoceHto.
and usually blunt \Pseiidomyzomyia,

BiBLIOGEAPHY.

Christophers, Ind. Med. Ees. Mem. no. 3, 1924; Edwards, 'Gen.
Insect.' Fasc. 104. 1932.

See also {adult) Christophers, Ann. Trop. Med. and Par. vii, p. 45,

1913 ;
(hypopygium) Christophers, Ind. Journ. Med. Res. iii, p. 371

1915; Root, Amer. Joum. Hyg. iii, p. 264, 1923, and iv, p. 456, 1924
(pharynx) Sinton and CoveU, Ind. Journ. Med. Ees. xv, p. 301, 1927
Barraud and CoveU, ib. xv, p. 671, 1928 ; id., Trans. 7th Cong. F.E.A.T.Mi
iii, p. 98, 1929 : (Larva) Puri, Ind. Joum, Med. Res. xvi. p. 519, 1928
id., Ind. Med. Res. Mem. no. 21, 1931.

* Senevet describes only A. smithi and A. punctulatus, but des-

criptions of several more species in the group given here also show
these characters.

t Tree-hole breeding species, as with the larvas, may form exceptions,

X Including Stethomyia and group Neomyzomyia.
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III. CHARACTERS USED IN IDENTIFICATION
AND CLASSIFICATION.

Adult Chabactebs *.

The nomenclature used for parts of the body is shown
in fig. 1. The different parts are considered more in detail

below.

Head.

The nomenclature of the head-structures is indicated

in fig. 2. The head-scales, which cover the occiput and most
of the vertex between the eyes, are of a single type, being
erect, narrowly fan-shaped, truncated, and often sUghtly

* Among general characters of the adult which should, perhaps,
be mentioned are size and colour. Anopheles of the group Myzomyia
are as a rule distinctly small. The outstandingly large Indian species
is A. gigas, specimens of which may almost equal the giant African
species A. implexus. The index used for designating size in this volume
is the length of the wing ; this is about 3 mm. for small species,
4-4-5 nmi. for moderate-sized species, and 5-6 ram. for very large species.

Coloration in the group varies from a lightish grey or fawn to shades
of brown practically amounting to black, and, though subject to some
variation in the same species, is often very helpful in identification.

Sometimes specimens may show more pigmentation than is usual
with the species, with an increase in the extent of dark markings on
wing, tarsi, palps, etc., and often with bridging of costal spots and
other anomalies of wing-omamentation (melanism). A contrary effect

is seen where the dark markings are abnormally restricted and spots
normally present obliterated, or pigmentation may be defective in

a capricious manner or almost entirely absent (hypomelanism). An
extreme condition of hypomelanism gives rise to the irmnaculatua
form referred to under A. vagus, but an almost similar condition has
been observed in A. stephensi and A. pallidus.

Nomenclature of parts of the head:—1. Head of $, showing palpi,
antenna?, etc., the palp of the side shown denuded of scales.

2. Ditto of (J. 3. Head, showing arrangement of scales and hairs
on vertex. 4. Lateral view of head. 6. Tip of mandible. 7. Tip
of maxilla.

A, Antenna.
Ab, Apical pale band.
apg. Anterior portion of post-

gena.
Bb, Intervening dark area be-

tween apical and sub-
apical pale bands.

C, Clypeus.
Cb, Subapical pale band.
F, Frons.

Hs, Head-scales.
L, Labiiun.
Lb, Labella.

m, Tip of mouth-parts lying

in labial sheath.
0, Compound eye.

Oc, Ocular chsetae.

Op, Occiput.
Os, Ocular scales.

P, Palp.

pg, Postgena.
pgc, Postgenal ohsetse.

t, Torus.
V, Vertex.
Vc, Vertical chsetse.

Vt, Vertical tuft.

1-5, Segments of palpi (<J and $).
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Fig. 2.

3 ^»v//i/y 4
(For explanation of figure, see opposite page.)
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notched, giving them a forked appearance under a low power.

They usually have about 12-15 striations, which extend
nearly to the base of the scale. The scales vary somewhat
in shape, etc., on difiEerent parts of the head, and only

outstanding pecuUarities are given in the descriptions in this

volume. Almost always the head-scales are dark at the

sides and back of the head, and become pale or white over

the front of the vertex, forming a conspicuous white patch
of varying extent in this situation (pale vertical spot).

Anteriorly between the eyes is a somewhat triangular

area (interocular vertex), passing forward to about the base

of the antennae. The head-scales are usually continued on
to this as overlapping fusiform scales, which make a con-

spicuous line of scaUng along the inner margin of the eyes

(ocular scales). Internal to the ocular scales on each side

is a hne of setse, often milk-white (vertical setce). The vertical

setse in front commonly terminate in a cluster of elongate

setiform pale or white scales, usually more or less curled

at the ends, which pass forwards over the clypeus. The
long setiform scales, with the other vertical setae and the

ocular scales, together form the so-called frontal tuft charac-

teristic of most anophelines.

Around the margin of the eyes are the dark ocular chcetoe,

and distinct from these ventrally below the eyes a close-

set line of hairs, often giving the effect of a beard—the

postgenal hairs.

AntenncB.

These consist of a globular basal segmen (torus *) and
a beaded series of flagellar segments (13 in the $, 14 in the <J),

which form the antenna proper. In the male the torus

is very large and the antenna markedly plumose, due to

whorls of long hairs arising from paired plates on the segments.

In the female the torus is smaller and the hairs are shorter,

•arising in a ring from the bases of the segments.

In the male the antenna, including the torus, is devoid
•of scales in all Indian species, except on the first flagellar

segment, where some scales are often present, usually dark.

In the female the torus may be bare or, in many species, may
carry a few minute scales, often difficult to see. Scales are

commonly present on the first or second flagellar segment
or, in some species, on a number of flagellar segments in the

female.

* True second segment, the first being a narrow baeal ring, only
to be made out, as a rule, in cleared and mounted preparations. The
toTOB is also called the pedicle, and the ring-piece at its base the scape.
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Clypeus.

This is usually bare, but a tuft of scales is carried on the

lateral aspect of the clypeus in A. hyrcanus (and the African

species A. mauritianus), and may be a useful diagnostic

feature in distinguishing, for example, between A. hyrcanus

and A. separatum.

Female Palpi.

The normal arrangement of the segments is shown in fig. 2

(p. 11). The basal (first) segment is small and vestigial, and
fused with the succeeding long segment. The relation of the

length of segment 5 to that of 4 gives the palpal index, which
varies from 0-3 to 0-7.

Scales are present on all the surfaces except the inner,

which is bare of scales along the whole length of the organ
;

chsetae, or stiff hairs, are usually pr sent on the apical segment
and in a line along the ventro-internal border of other segments.

The scales may be appressed over the whole organ, when the

palpi appear long and thin ; or commonly the basal portion,

or greater part, of the lirst long segment has erect scales,

those over the rest of the organ being more appressed ; or the
whole organ may be covered with erect scales, giving it

a shaggy appearance.

Ornamentation of the palpi is mainly in the form of pale

scales forming bands of various width at the apex and at

joints 3-4 and 2-3. When the apical segment is short

it is usually completely involved in the apical pale band,
the palpi showing throe bands, including the apical. When
the apical segment is long it frequently carries a dark band,
and the palpi show four pale bands. In species normally
showing three bands it is not uncommon for individuals

to show a variation in the presence of a dark band on the

apical segment and a resultant 4-banded palp. This is

unusual, however, except where the apical segment is long

(e. g. in A. superpictm).

In addition to bands, there may be patches of pale scaling

on the dorsum of some of the segments, especially segment 3
{speckling of the palps). Specimens may sometimes show
a more diffuse paling along the length of the segment which
is often not of specific character, and may be referred to as

frosting.

Male Falpi.

These are composed of five segments, including a vestigial

basal segment, as in the female, but with segments 2 and 3

separated by an incomplete joint only. Segments 4 and 6

are expanded and somewhat flattened, usually with thickening
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also, of the apex of segment 3. The junction of 4 and 5
is commonly more like a suture than a joint, but in some
species the two are much more clearly articulated and the
segments somewhat constricted at the junction.

Except whore the scales at the extreme base, or at some other
points, may be erect, the organ is covered on its outer aspect
with appressed scales which give it its ornamentation.
Long hairs arise from the swollen apical end of segment 3,

and a lino of hairs, which may be a single or several rows
thick, is usually continued along both borders of segments 4
and 5 or may be wholly or partly lacking on the latter

{marginal hairs).

The types of ornamentation can be seen from the des-

criptions of species. Care should be taken in examining this

organ in the dried specimen, as it is often twisted, and mis-

leading appearances may be seen should the unornamented
lower (inner) surface of the club be uppermost.

Labium or Proboscis.

The labium is generally uniformly dark, except the labella,

which are usually of a lighter colour. In a few species the
apical half or so is Ught or golden, or there may be a diffuse

pale patch beneath or at the sides towards the apex (tache).

These effects are often only clearly visible in certain Ughts.

LA, Lateral area of meeonotum.
M, Mesonotum.
m, Site of median scale-tuft on anterior promontory.

MA, Median area of mesonotum.
me. Upper mosepimeral hairs.

P, PostBCutellum (postnotum).

p, Propleural hairs.

Pn, Anterior pronotal lobe.

pa, Prealar hairs.

S, Soutellum.
s, Spiraoular hairs.

ap. Upper and lower stemopleural group of hairs.

T, Trochanters.
WB, Base of wing.

Parts of pleurse (membranous areas shaded) :

—

1, Anterior pronotum (anterior pronotal lobe).

2, Postpronotmn, shown continued as narrow proepimeron
to coxal articulation,

3, Propleuron (epistemtmi).

3o, Basistemum of prothorax.

4, Postspiracular area (mesothoracio anepistemum).
5, Stemopleuron of mesothorax.
6, Mesepimeron.
7, Meron.
8, Trochantin.

9, Stemopleuron of metathorax.
10, Metathorax.
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Fig. 3.

3.

Nomenclature of parts of thorax:—1. Dorsal view of mesonotum.
2. Anterior view of prothorax and mesonotum after removal
of head. 8. Lateral view of thorax.

AP, Anterior promontory of mesonotum.
c. Cervical solerite.

^Xx-CXf, CoxsB of fore, mid-, and hind legs.

F, Fossa of mesonotum.
F (lower figure), Femur.
H, Head.
h. Halter.
I, Site of lateral scole-tuft on anterior promontory.
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Mandibles and MaxillcB *.

Normally contained within the sheath-like labium are the

fine chitinous mandibles and maxillae, along with the stylet-like

labrum and hypopharynx. The mandible is expanded at its

termination into a triangular plate, one edge of which carries

very fine teeth, usually, in Indian species, about 25-30. The
maxillae have curved, sword-like ends, usually with about
13-15 teeth, larger than those of the mandible, which become
progressively smaller and more minute towards the end
of the organ. Examination of practically all the Indian

species has shown but few differences in species or variation

from the characters given above, and reference to these

organs is usually, for brevity, omitted from the descriptions.

For detailed description of the pharynx, see under " Pha-
ryngeal Characters "

(p. 24).

Thorax f

.

The general characters and nomenclature of the parts of the

anopheline thorax are given in fig. 3 (p. 15).

The anterior pronotal lobes (prothoracic lobes) commonly
carry chsetse only, but may be furnished, in addition, with

a tuft of erect scales {prothoracic or pronotal tuft). On the

narrow chitinous propleurae, lying on either side of the

membranous area below the neck, are the propleural hairs.

These may form a cluster of four or five or more, be reduced

to two or one, or be entirely absent ; they are of considerable

systematic importance.

The mesonotum may be bare and shiny, with only large

chaetae, but more usually the surface is to a certain extent

tomentose, giving different effects, depending on the direction

of the light-incidence. Frequently darker longitudinal lines

are seen, especially on the denuded notum, but such appear-

ances usually vary with the light-incidence, and reference

to them is omitted in the descriptions. In a few species

eye-spots are present. Most usually there is a vestiture

either of numerous small hairs, of hair-like scales, or of true

• For information about the mouth-parts, see Nuttall and Shipley,

Joum. of Hyg. i, p. 461. A very detailed account of the mouth-parts
in Oulex is given by Dimmodk, ' Anat. of the Mouth-parts of some
Diptera,' Thesis (Boston, 1881). For an account of the maxillary teeth

in connection with zoophilism and the method of counting these, see

Roubaud, Ann. Inst. Past, xlii, p. 561, 1928.

t For structure of the thorax, see Baini Prashad, Ind. Joum.
Med. Res. v, pp. 614 & 641, 1918; Edwards, Bull. Ent. Res.

xii, p. 266, 1921; Freeborn, Insec. Insc. Mens, xii, p. 37, 1924;
id. 'Mosq. of California,' p. 339, 1926 ; Kirkpatrick, ' Mosq. of Egypt,'

p. 13, 1925. Also a very thorough account of the Nematocerous
thorax, with numerous figures of different forms, including the mosquito
thorax—Crampton, Annals Ent. Soc. Amer. xvii, p. 49, 1925.
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scales. Very commonly there is a somewhat lighter coloured
median area, which in species with scales is usually more
closely scaled, contrasting with the darker fossm and lateral

borders of the mesonotum, which are frequently devoid of scales

or relatively so.

On the anterior promontory there is usually present
a number of pale erect scales behind the head (median scale-

tuft). More laterally, at the angles of the promontory, there
may also be scale-tufts (lateral scale-tufts) . In the latter

situation the scales are usually white above, and there are
commonly conspicuous, often battledore-shaped, black scales

below tiiese on the anterior face of the promontory.
The pilotaxy * of the thorax is shown in fig. 3. The

propleural hairs have already been referred to. Of the other
pleural chsetae, the spiracular are commonly from 0-5 in

number ; the prealar form a conspicuous tuft in some species,

but are minute and difficult to make out in others ; the
sternopleural are usually divided into two groups, an upper
and a lower, and consist of small as well as larger hairs

;

the upper mesepimeral are usually 15 or more in number
and conspicuous. The lower mesepimeral on the epimeral
plate separated from the upper group are usually absent,

but are present in A. barbirostris and some other species.

The postnotal (on the plate behind the anterior pronotal
lobes) and the postspiracular (on the chitinisation behind
the anterior spiracle) appear to be absent throughout the
tribe. These hairs, with the exception of the propleural

hairs, do not appear to be of very great systematic importance
and, as their exact number appears to vary in the same
species, only outstanding characters, if such exist, are usually

given in the descriptions. Scales are not infrequently present

on the sternopleuron or mesepimeron, and their presence
or absence may help in the differentiation of certain forms.

Wing.

The nomenclature of parts of the wing and of the venation
as employed in this volume are shown in fig. 4t. In the

descriptions, for brevity the longitudinal veins and their

* For pilotaxy of the anopheline thorax, see Christophers, Ind.
Joxim. Med. Bes. iii, p. 362, 1913 ; Edwards, Bull. Ent. Res. xii, p. 266,
192X ; Rodenwaldt, Tijds. v. Entom. Ixiv, p. 147, 1921 ; Freeborn,
' Mosq. of California,' p. 339, 1926.

t For a fiill account of the wing-venation, with a discussion of the

Comatock and Needham nomenclature as applied to the mosquito,

see Christophers and Barraud, Ind. Joum. Med. Res. xi, p. 1103, 1924

;

see also Nnttall and Shipley, Journ. of Hyg. i, p. 475, 1901 ; Tillyard,

Proo. Linn. Soc. N.S.W. xliv, pp. 633-718, 1919 ; Tillyard, ' Insects

of Australia and New Zealand,' p. 338, 1926.

DIPT.—VOL. rv. C



18 ANOPHELTNI.

y«n»tionand spatting of wing and noiuenolature oaed:—1. Venation.
2. Usual situation of spots on wing (Myzomyia) and nomenclature
used. 3. Arrangement of scales on veins. Right, vein viewed
from above ; left, as a vein would appear in vertical section.

1. A, Apex of wing.

0, Alula.

a/, Anterior forked cell.

B, Base of wing.
6, Bifurcation.

C, Costa.
cv 2-3, Cross-vein between vein 2 and vein 3 ; other oroas-veins

similarly, except hmneral.
h, Humeral cross-vein.

pf. Posterior forked cell,

r, Remigium (or starn-vein).

F, Fringe.
Sc, Sub<iOsta.

s. Squama.
1, First longitudin^ (Radius, B, of Gomstock and Needham).
2, Second longitudinal (iJj+s of Comstock and Noedham).

2-1, Anterior branch, second longitudinal (Bj).
2.2, Posterior branch, second longitudinal (iJj).

3, Third longitudinal (i?4+j).

4, Fourth longitudinal (Media, M).
4-1, Anterior branch, fourth longitudinal {Mi).
4.2, Posterior branch, fomrtjj longitudinal (JVf,).

5, Main fifth longitudinal (Cm).

5.1, Branch of fifth longitudinal (Cmj or Mf).
6, Sixth longitudinal (Anal, A ).

2. A, Apical pale area.

As, Accessory sector pale area.

bs. Border-scales.

/, Fringe-spot.
H, Humeral pale interruption.

h. Humeral dark accessory spot.
P, Preapioal pale area.

Ps, Presector pale area.

ph, Piehwoaeiei dark accessory spot ; may be divided into
inner and oiUer by the prehumeral paje interruption.

S, Sector, pale area.

Sc, Subcostal pale area.

Between A and F is the apical dark spot ; between
P and Sc is the preapical dark spot ; between Sc and S
is the tmddle dark spot ; between iS and Ps is the presector
dark spot.

a indicates the region of short pale ^ots due to the cross-
veins ; 6 is a bifurcation site ; c is an example of a pale
interruption dividing the dark length of branches of the
forked cell into two spots on each Iwanoh.
Dark spots on the stem and branches of veins may usjiaJhr

be sufficiently designated by the terms apical and basal,
or, in some cases, also middle, e. g., basal dark spot 2.1.

3. I, Lateral squame.
m, Median squame.
p, Httme-scale (on nndier surface).

» Squame-soale (on upper surface of wing).
V, Vein (in section).
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Fig. 4.
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branches are indicated by numbers, e. g., 2, 2.1, 2.2 indicate

respectively the stem, the anterior, and the posterior branch

of the second longitudinal vein *.

The nomenclature of these veins on the Comstock and
Needham generalized system is still, in the case of some of the

branches, uncertain. The interpretation (following Nuttall

and Shipley and Christophers and Barraud) is given below,

but Tillyard (1919, 192(5) considers 5.1 to be the fourth branch

of the media, and the vestigial unsealed vein below 6 (usually

unnamed or disregarded by other writers) to be the second

branch of the cubitus :

—

Nomenclature used in Comstock and Needham.
this volume

.

Costa. Costa.

Subcosta. Suboosta.
First longitudinal, 1. Radial, R^.

Second longitudinal, 2, 2.1, 2,2. -Rb+s> -^s' ^3-
Third longitudinal, 3. -Ri+s.

Fourth longitudinal, 4, 4.1, 4.2. Median, M, M^, M^.
Fifth longitudinal, o, 5.1, r,.2. Cubital, Cu, Cu^, Cu..

Sixth longitudinal. 6. Anal (An),

Cross-veins, 2-3, 3-4, 4-5. Cross-voins, base of i?4+j,

r-m, m-cu.

The length of the wing, measured from the origin of the

costa to the level of the apex, is ordinarily, in Anophelini,

about 2\ times the length of the thorax measured from the

anterior promontory to the back of the scutellum, but is

proportionately more (up to three times or shghtly over) in

large-winged species such as A. hyrcanus. The greatest width,

excluding the fringe, is usually slightly over J the length
;

the wing in the male is slightly narrower, about | the

length. The subcosta joins the costa slightly under f
the length of the wing from the base (0-62-0-65 of the wing-

length). The anterior forked cell in the female usually

measures J or slightly more of the length of the wing
;

its base in all Indian species, except A. moghulensis, is slightly

nearer the base of the wing than that of the posterior cell.

The relative lengths of the two forked cells, measured along

* This nomenclature, whicli is in common use among workers on the
Culioidte, has probably followed that given by Theobald (vol. i, p. 18).
Theobald appears to have followed Skuse (Proc. Linn. Soc. N.S. Wales,
iii, p. 1763, pi. 40, 1889), his figure being a copy of that given by Skuse,
who seems to have been the first to adapt to the wing of the mosquito
the system of nomenclature in common use among students of the
Diptera in the latter half of the nineteenth century. Among students
of the Culicidae many of the cell-names and other lumecessary detail
have gradually dropped out of use ; all that is now necessary is given
in the accompanying figure.
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the posterior branch in each case, is the forked cell index

(usually about 1.5, but reaching 2 in some species where
the anterior forked cell is very long). The length of the

anterior forked cell in relation to its petiole (from the bifur-

cation to the cross-vein) is often very variable in the same
species, but may be used to give a general indication of the

length of the cell. The forked cells are usually shghtly shorter

in the male.

Scaling of the Wing.

The general arrangement of scales on the wing-veins in the

Anophehni is shown in fig. 4 (p. 19), which shows the arrange-

ment of scales on a convex vein as seen from above. The costa

(up to the subcostal junction) and veins 1, 3, 5, and 6 are

direct or convex veins, and the subcosta and veins 2 and 4
reverse or concave veins. On the upper surface of direct

veins and the lower siurface of reverse veins * the scales

are normally somewhat bat-shaped, often truncated, and with
parallel striations ; they have short, bent stalks and lie fiat

and parallel to the vein (squame scales). Those in the middle
of the vein (median squames), are usually shorter and often

narrower than those projecting laterally over the wing-mem-
brane (lateral squames). On the lower surface of direct veins

and on the upper surface of reverse veins the scales are longer,

usually narrower and more pointed, with less numerous and
less markedly parallel striations ; their stalks are not sharply

bent and the scales project at an angle from the vein (plume
scales). As the apex of the wing is approached, the scales

tend to elongate and to lose their distinctive characters,

and the same apphes to the greater part of the wing in some
species.

The broadest scales, as a rule, are on the inner tliird of the

costa, subcosta, and vein 1. They are also about equally

broad on the base of the stem of vein 5, but are distinctly

narrower and usually less truncated on the remaining veins.

The number of striations shown by the scales on the inner

third of the costa, subcosta, or vein 1 is the maximum striation

for the species.

On the wing-border posteriorly are the special fringe scales,

and at their bases are small, obhquely set scales (border scales),

which may be dark, or light, or absent more or less extensively

towards the base of the wing, according to the species.

* Christophers, Ind. Joum. Med. Res. x, p. 1011, 1923 ; Christ.

and Barraud, loo cit. xi, p. 1106, 1924. See also, on the subject of

convex and concave veins, Tillyard, Proo. Linn. Soc. N.S.W. xliv,

pp. 539 et aeg., 1919.
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Ornamentation of the Wing.

The ornaflientation of the wing is almost entirely due to

scaling, and consists usually of alternate areas of dark and
pale scales on the veins. For clearness the dark areas are

here referred to as " spots " and the pale areas as " areas,"

usually with the prefix dark or pale, as the case may be,

to aid the memory. The names used for spots and areas

on the costa are shown in fig. 4 (p. 19). These names are not
difficult to remember, and greatly simplify reference and
description. The spots on the wing-field in subgenus Myzomyia
are also very regular and are, to a certain extent, referred to

specifically. The spots in subgenus Anopheles are more indi-

vidual, and have for the present been referred to in whatever
seemed the simplest manner.

Ornamentation at the base of the costa is highly important,

the nomenclature here used being shown in the figure.

Ornamentation of the apex and fringe are also extremely
important. At the junction of vein 1 with the costa at the

apex of the wing is the apical pale costal spot, always very
clearly identifiable. Beyond this point is the scale-tMckened
wing-margin, merging into the fringe and referred to as the
wing-apex ; this is commonly ornamented by pale areas,

at least at some of the vein-junctions. On the fringe at vein-

junctions, and sometimes in other positions, pale fringe-spots

may be present. In subgenus Anopheles the appearance
of fringe-spots tends to be rather capricious. In subgenus
Myzomyia fringe-spots, if present at all, usually occur at all

veins to 5.2, and in many species also at 6.

In the male the wing often has rather more extensive pale

areas and often the dark areas are less dark, so that the
markings may appear less definite ; in certain cases points

given as diagnostic in the female are not intended to apply
to the male.

Legs.

The parts of the leg are shown in fig. 1 (p. 3). The coxae may
be devoid of scales ; more usually the anterior pair at leaifit

carry some scales, which may be in conspicuous tufts. All

the remaining segments, except sometimes the hind or middle
trochanters, are clothed with small appressed scales, the
coloration of which brings about such ornamentation as may
be present.

The femora are sometimes pale towards their articulation

with the trochanters, the distance to which the paleness
extends being given usually in terms of the breadth of the
femur. They may be pale beneath or show other oharactws,
often of some importance in identification. In a number
of species the femora of the front legs may be swollen in their

basal half. Both femora and tibise are often more or less
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©attenaively pale at their tips, a condition often referred
to as knee'spata. In some species the femora and tibise,

and sometimes some of the tarsal segments, are ornamented
with defined patches or irregular rings of pale seaUng
{speckling). TMs is to be distingnished from an indefinite

mottling sometimes seen.

The ckbf ornamentation of the legs is usually in connection
with the tarsal segments. They may be uniformly dark,

or they may be marked with white or pale bands at the joints

{banded tarsi) ; bands may be apical only {i. e., at the tips

of the segments, leaving the bases dark) or apical and basal

{i. e., spreading across the joints).

A common condition is for the terminal one or more segments
of the hind legs to be completely white. Commonly the
last three segments are completely white, with some portion
of the preceding segment. Where a single segment only,

or sometimes two, is completely white there are nearly always
broad white bands at the tarsal joints above this. It is

important, in using the synoptic tables, to recognize that the
number of white segments referred to are counted only to the
first dark band. In a few cases the whole of the last segment
is not white, but only the apical half or so (among Indian
species A. kochi, A. tessellatua, and A. leucosphyrus) ; for this

reason such species are sometimes placed in two positions

in the synoptic table to prevent error.

Male Ungues.

In the male the mid- and hind legs carry a pair each of small

simple hooks or claws, as do each of the legs in the female.

But the fore legs are provided with a single large claw, having
a spur about half-way along its length and a smaller process

arising from the swollen base (male ungues). Except in

Chagasia and Bironella, these structures seem to vary little,

if at all, in the different species, but in A. ctdiciform.is the

small process at the base is absent.

Abdomen.

The abdomen consists of eight visible segments. The first

segment usually forms a somewhat transverse bar dorsally

canying long, outstanding hairs. The abdomen is usually

spoken of as having a dorsal surface or dorsum (tergites) and a
ventral surface or verder (sternites). The 8th segment in the

male is rotatedwith the hypopygium, so that when rotation has
taken plaoe the apparent tergite is the sternite, and vice versa.

Beyond the 8th segment in the male is the male hypopygium,
of which the two large appendages, coxites, are the prominent
feature. In the female the two small cerci are all that c«a be
seen externally of the female hypopygium. The structures
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beyond the 8th segment in both sexes are often termed the

male or female genitaUa or terminalia (described in detail

under " Hypopygial Characters," p. 29).

The characters of the abdomen used in systematic work
are chiefly connected with the scaling. The entire abdomen,
with or without the coxites or cerci, may be completely

devoid of scales. Frequently scales are present on the tergites

of the last, or last few, segments ; less commonly they are

present on all the segments except the first. Besides the

ordinary scaling, the tergites may show outstanding scales

at the posterior lateral angles and, if numerous, these may
form tufts {lateral tufts), which in Indian species are, however,
always associated with heavy general scaling of the tergites.

The sternites are usually free from scales, except commonly
on the last segment or two. When present, scale-tufts are

medianly situated towards the apex of the segment, ventral

tufts ; a tuft on the 7th segment only in the female is present

in some species. Scattered scales over the venter occur

in some species, and their presence is sometimes useful

in differentiating certain closely related species.

Phahyxgeal Chahacteus *.

The parts of the pharynx of the female as given by Sinton

and Covell (1927), with a slight modification in the nomen-
clature, are given in fig. 5 (p. 27).

The table on the following page shows the general characters

of the pharynx, so far as known, in the different genera and
subgenera of Anophehni t.

The most important characters are in connection with
the pharyngeal armature. This, when present, is carried

on the posterior edge of the chitinised floor of the pharynx,
which forms a ridge facing posteriorly at the junction of the
pharynx and oesophageal pump and is here called the
pharyngeal bar. The armature consists of teeth {pharyngeal

teeth), which are commonly of two kinds, called by Sinton
and Covell, from their general resemblance to the structures of

* For a description of the internal anatomy of the head, including
the stomodceal structures, see Dimmock, ' Anat. of the Mouth-parts
and Sucking App. of some Diptera,' Thesis, (Leipzig, 1881) ; Thompson,
Proo. Boston Soo. Nat. Hist, xxxii, p. 148, 1905. Christophers, Ind.
Med. Bes. Mem. no. 4, p. 191, 1926, on the head of PhUbotorrma, and
Jobling, Bull. Ent. Res. xviii, p. 227, 1928, on the head of Culicoidei,
may also be usefully consulted. For detailed studies on the pharynx, see
Sinton and Covell, Ind. Joum. Med. Res. xv, p. 301, 1927 ; Barraud
and Covell, Ind. Joum. Med. Res. xv, p. 671, 1928 ; Trans. 7th Cong.
F.E.A.T.M. iii, p. 98, 1929; Manalang, Phil. Joum. Sci. xxxviii,

p. 431, 1929 ; Christophers and Puri, Ind. Joum. Med. Res. xviii,

p. 1139, 1931.

t For the most part as given by Sinton and Covell, he. cit.
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the retina (cones and rods) ; or only a single type of tooth may
be present, trhich has then more or less the character of cones.

On the membrane posterior to the pharyngeal bar are

commonly several rows of small, overlapping, flap-like ridges,

usually C£HTyinff spines on their free edges (post-armature

ridges; bucco-pnaryngeal ridges of Sinton and Covell). The
most aaiterior of these commonly lie close behind the pharyngeal
t^th, alternating in their arrangement with these.

The Pharyngeal Armature.

The characters of the armature are best appreciated by
regarding the teeth as springing from the sharply bevelled-

off edge of the ventral plate, where it ends to form the pharyn-
geal bar. This, somewhat like a chisel-edge, is projected
into the lumen of the canal, where the pharynx ends at the

membranous junction between itself and the cesophageal

pump. It is directed upwards and backwards owing to the

orientation of the pharynx (fig. 5, 6), the part corre-

sponding to the unbevelled cutting-edge of the chisel being

uppermost.
On the bevel the rods and cones, when both are present,

are set alternately as shown in the figure, the cones anterior

to the rods, but sending backwards an extension from their

bases between these.

The cones consist of a basal portion (fediment), and
a terminal filament. The filament is usually somewhat
tapering, flat and strap-like, or thicker and more thorn-like.

They may carry spicular processes (spicules), at their edges
or arising from the anterior or posterior surface, and the
termination may be simple, or nearly so, or fimbriated (fig. 6,

p. 28).

General pharyngeal structure:—1. Lateral view of parts. 2. Dorsal
view of parts as seen when dissected out. 8. Dorsal view of
pharynx, with nomenclature of parts. 4. Enlarged representation
of pharyngeal bar (View when rods and eones are seen in direction

of vertical arrow). 6. Appearance given by the same preparation
tilted at a difierent angle (view in direction of horizontal arrow).
6. Lateral view of junction of pharynx with cesophageal pump.

Ad, Anterior hard palate.

C, Clypens.
c, Cone.
d. Dorsal plate of cesophageal

pump.
dp, Dorsal papillae.

P, Lateral flange.

/, Filament of cone, foreshor-

tened and out of focus.

h, Hypopharynx.
I, End of ventro-lateral plate

of oesophageal pimip.

U, Lateral piece of labrum.
ml. Median portion of labrum.
O, CEsophageal pump.
P, Pharynx.
Pb, Pharyngeal bar.

Pd, Posterior hard palate.

pp. Palatal papiUee.
r. Rod.
a, Salivary pump.

ta, Tabular apodeme of head.
vp. Ventral papillee.
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Fig. 5.

(For exfilanatlon of figure, see opposite page.)
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The pediment is usually broad and more or less bulbous
in its anterior portion (bulb), and narrower and often rudder-

like in its posterior portion or crest. The bulb, from which
the filament arises, may be continued without any special

indication into the base of the filament, but is more commonly
marked off by one or more tooth-like or spicular processes

at the sides {lateral spines). The crest carries along its summit
a row, or sometimes a double row, of spines {crest spines).

The crest usually ends posteriorly in some more or less

characteristic manner with a smooth posterior edge. Viewed
from behind, this edge may show characteristic appearances,
being conical, narrow, broad, or bifid,

Fig. 6.

Details of pharyngeal armature :—1 . Anterior view of cone. 2. Lateral
view, ditto. 3. Posterior view of crest. 4. Anterior or posterior

view of rod ; on the right of it is shown in situ the posterior border
of a crest. S. Lateral view of a rod. 6. View of two cones
and two rods foreshortened, as commonly seen ; behind the bases
of the rods are shown a few post-arraature ridges. 7. A similar

view of a double-crested cone {Neocellia) and appearance of
posterior view of crest in this group.

cU, Anterior spine.

B, Bulb of pediment.
6, Basal portion of rod.

Cr, Crest portion of pediment.
cs. Crest spines ; seen fore-

shortened at Or in 6.

F, Filament of cone.

/, Filament foreshortened and
out of focus.

It, Lateral teeth.

jP, Pediment.

pc. Posterior border of crest.

pf. Spine behind base of fila-

ment.
Bp, Pharyngeal ridges.

r. Root.
8, Spine on anterior or pos-

terior aspect of filament.

al. Lateral spicules on filament.
sr. Spicules arising from rod.

(, Terminal portion of rod.
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The rods arise from circular, oval or elliptical origins between
the pediments (crests) of the cones ; they have tapering or

bulbous bases, often more or less melon-seed-shaped, and
usually have simple, rod-like, tapering terminations, often with
accessory spicules or processes (fig. 6, p. 28).

The cones, by their bulbs, arise, as it were, from the actual

cutting-edge of the chisel. In some cases they are supported
by extra buttress-hke ridges arising from the flat dorsal

surface of the ventral plate (roots). The rods arise near the

flatter edge of the bevel, which is commonly scalloped, the
BwoUen base of a rod corresponding to the convexity of

a scallop. These scallops may be extended in finger-shaped

processes, and the rods are then carried on these.

Examination for Pharyngeal CJiaracters.

Owing to the entirely different appearances seen with
different orientation of the pharyngeal bar, very incorrect

conclusions may be drawn unless examination is carried

out with the actual nature of the structures in mind. Fig. 5,

4 & 5, shows two appearances seen in the same prepara-
tion somewhat differently oriented. In 5 the filaments of

the cones happen to be lying flat, in 4 the filaments are

directed, as they very commonly are, towards the observer,

and what appear to be the filaments are reaUy top-views of

the crests of the pediments. From the characters of isolated

teeth given in this volume it will generally not be difficult

to interpret the various appearances seen and to ascertain

the group-characters.

The pharyngeal characters of practically all the Indian
species have been dealt with by Sinton and CoveU (1927)

and Barraud and Covell (1928, 1929), and, to save repetition,

only other works dealing with certain of the species are

quoted under the descriptions. The above authors may
be consulted in all cases.

Hypofygjal Cuakactehs.

Male.—^The general character and nomenclature of the
male hypopygium in AnopheUni are shown in fig. 7 * (p. 31).

The proctiger (anal lobe) is mainly membranous, with an iU-

• For an account of the male hypopygium in Anophelini, see
Christophers, Ind. Joum. Med. Bes. iii, p. 371, 1915, and Freeborn,
Amer. Joum. Hyg. iv. p. 188, 1924. See also Edwards, Ann. Trop.
Med. and Par. xiv, p. 23, 1920 ; Christ., Ind. Joum. Med. Kes. x, p. 533,
1922 (development) ; Christ, and Barraud, Ind. Joum. Med. Bea. x,

p. 827, 1923 ; Boot, Amer. Journ. Hyg. iii, p. 264, 1923, and iv, p. 456,
1924; Freeborn, ' Mosq. of California," p. 343, 1926; King, Phil.
Joum. Sci. xlvii, p. 305, 1932.
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defined chitinisation (ventro-lateral chUimmtion or paraprodt)*.

The 9th eternite is narrow and oresc^ntic and is Jijikexi to tiie

tergite by a very narrow ribbon of chitin, which lies round the

base of the ooxite externally. The 9th tergite is aiso narrow,
forming a ribbon-shaped band dorsaily at the base of the
proetiger ; at the lateraJ angles of the prootjger it is somewhat
expanded, and in certain species is prolonged into a freely

projecting spinous or knobbed process (processes of 9th tergite).

The coxite (side-pieoe) is conicaUy cylindrical in shape,
not unlike a stumpy human thigh, convex externally bu*
somewhat hollowed out at its base internally. The stifie

(clasper) is very long and arcuate, with a small, terminal,

spur-hke appendage.
The parabasal spines in subgenus Anoplieles are two in

number j, arising more or less distinctly from emiaonces, the

inner spine shorter and stouter than the outer, both often

recurved at the end. In subgenus Myzomyia there are

usually five somewhat smaller thickened hairs rising directly

from the surface of th» coxite. These ajpe arranged as

shown in fig. 27, 14, four arising close together with the
arrangement shown, and the fifth, a longer hair, at a little

distance down the coxite. Hairs 1-4 are directed inwards,
recurved at the ends and usually somewhat flattened, hair

no. 1 being the shortest and hair no. 4 the longest. Hair
no. 5 has more resemblance to an ordinary hair. One stout

interned spine (or often two) on the inner edge of the coxite

at a variable distance up this is usually present in subgenus
Anopheles, but rarely in Myzomyia.
Lying on the inner aspect of the coxite at its base, on either

side, is the lobe-shaped ha/rpago. In subgenus Anopheles
the crest of the harpago may be somewhat irregularly divided

into lobes, each carrying stout or sword-like spines, or the
spines on the outer (dorsal) lobe are more or less fused into

a club. In subgenus Myzomyia the harpago is conical or

rounded, carrying a club-shaped process dorsally, and usually

at its summit one largish hair [apical hair), with one or more
smaller hairs (accessory hairs), according to the species.

Between the two harpagos is the phallosome (cedeagus,

mesosome). In all Indian species this is narrow and columnar,
with a laterally expanded base. Though appearing straight

when viewed from in front or behind, it is often seen, on a side-

ways view, to be much curved, a fact that has to be allowed

These carry a ventrally directed chitiuised procese m A. mmbtu
(subgenus Stethomyia).

t Exceptions ore found in the FaUewrotic A. algerimaia, the AustroUw
A. stigmatiem aiid 4. atraiApes, and 4;he Africiw A- implexw, whiqh hm»
onljr one .parabasal spine, fwid in the Eurqpeao A. dav^/er ^wvahu),
-which has threes tihe owt«r q)ine bwng duphcated.
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9

<J and 9 terminalia:—Upper figure : true dorsal view of ^ hypopyaiwa,
right half of proctiger and 9th tergite, shown as removed, tower
figtire : ventral view of ? hypopygiiim.

A,

a,

ap,
aa,

c,

Cx,

a,
Is,

P,

p,
PS,
s,

T,
t.

Phallosome (oedeagus or
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for in making measurements *. At the apex of the phallosome
are usually, on either side, firom three to seven or more leaflets.

In some species these are absent. Of the leaflets, the first

on each side is usually the largest, and the others diminish
in size backwards. The larger leaflets, at least usually, are

flat, more or less fusiform, blade-Uke or claw-shaped when
properly displayed, and have usually a serrated thinner edge,

the serrations being larger in some species. Seen edgeways,
the same leaflets appear rod-like. To study the leaflets

it is usually necessary to mount the phallosome separately

and ensure proper flattening of the structures f . Besides
leaflets of the usual shape, there may be several or numerous
small spicules in addition.

Female.—The structure and nomenclature of the female
hypopygium is shown in fig. 7 J. In Anophelini the post-

genital plate is of conical form and, so far as is known,
throughout the tribe carries two apical, rather closely set

hairs. The atrial plates are well marked. Lying along
the lower part of the opening posterior to the 8th sternite

is a narrow transverse chitinisation, sometimes almost mem-
branous, the insular plate carrying on either side the insula.

The insula consists of two small islets, of from 9-15 hairs

each, on either side of the middle line. Very few distinctive

differences occur, though it is possible in some cases the number
of insula hairs may be a specific character.

As there is practically nothing specific, so far as yet ascer-

tained, about the female genitalic characters, these are omitted
from the descriptions.

PtJPAL Characters. (Fig. 8.)

The external structure of the pupa in Anophelini has been
especially studied by Senevet, whose nomenclature is here

followed. The characters that have been made use of in

description are : the respiratory trumpets ; the paddle
;

the abdominal (and metathoracic) chsetotaxy.

Respiratory Trumpets.—^The respiratory trumpets in

Anophelini are short, more or less sessile, truncated at the
end, and with a very wide opening. Though the trumpets
show differences in shape and appearance, no very definite

description of these has so far been attempted, except for

certain American and African species.

* When measurements are given in the descriptions they refer
to the linear length of the organ dissected out and lying fiat or on its

side (preferable), the distance being taken from the level of the apex,
excluding the leaflets, to that of the furthest extension of the basal
expansions.

t See section on " Technique."

I For an account of the female genital organs, see Maofie and Ingram,
Aim. Trop. Med. and For. xvi, i>. 157, 1922 ; Christophers, Ind. Jotlm.
Med. Kes. x, p. 698, 1923 ; Davis, Amer. Joum. Hyg. vi, p. 1, 1928.
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Fig. 8.

V

Hairs of abdomen and paddle of pupa (After Senevet,
with some modification.)

D, Dorsum.

A, Spine.

A', Accessory hair of spine.

B, C, C, Large dorsal hairs.

D, S, Large ventral hairs.

1-5, Small dorsal hairs (hairs

I-V of Senevet).
6-8, Small ventral hairs

(hairs VI-VIII of
Senevet).

V, Venter.

B-U, Hairs of metathorax
and abdominal seg'
ment I, as given by
Senevet.

t, Dendritic tuft of ab-
dominal segment I.

e, External border of pad-
dle.

p. Paddle-hair.
op. Accessory paddle-hair.

DEPT.—VOt. IV.
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Paddle.—The paddle in Anophelini is more or less oval

In shape, with a median longitudinal midrib which may,
or may not, extend to the margin of the paddle. At the

apex of the paddle is a short, usually more or less hooked
paddle-hair, and a Uttle above the origin of the paddle-hair

on the paddle is a smaller hair {accessory paddle-hair). On the

external border may be present a series of denticles or teeth.

Both the external and posterior border may carry small

hairs on some, or all, of their extent.

The position of the accessory paddle-hair is characteristic

of the Anophelini ; in the genus Culex it is also present,

but placed beside the paddle-hair, while in other Culicini

it appears to be absent. The paddle-hair in subgenera
Anopheles and Nyssorhynchus and group Neomyzomyia
of subgenus Myzowyia appears generally to be short and
more or less straight ; in other groups of Myzomyia it is

generally longer and hooked or curled.

Chcelotaxy.—At the lateral posterior angle of each of the

abdominal segments III-VII is a stout simple spine (hair A).

On segment VIII is a similarly situated spine with branches

(spine, of Vlllth segment). The other hairs present on the

abdomen are shown in the figure.

The presence of spines on the posterior corners of segments
III-VII and of a branched spine on segment VIII is charac-

teristic of Anophelini. In pupse of other Cuhcini there is

usually present a hair only, which does not arise quite at the

angle, and is usually branched. The characters of the spine

and the size and degree of branching of the different hairs on
the various segments afford specific characters.

Spine A is generally long and pointed in Myzomyia but

is frequently short, massive, and blunt in subgenus Anopheles.

Hair C on segments V-VII is usually simple in Myzomyia,
bifurcate or branched in subgenus Anopheles. For details

regarding the other hairs Senevet should be consulted. There
is considerable variation in the number of branches shown
by the smaller hairs, and these are not, therefore, dealt with
in the descriptions unless they show outstanding characters.

BiBLIOGIUPHY.

Senevet, Trans. 2" Congr. du Paludisme, i, p. 69 ; id.. Arch. Inst. Past.
Alg^rie, viii, pp. 297-382, 1930, and ix. pp. 17-112, 1931.

See also Ingram and Macfie, Bull. Ent. Res. viii, p. 73, 1917;
Macfie and Ingram, *, xiii, p. 409, 1923; Martini, Zool. Jahrb.
Abt. f. Syst. xlvi, p. 531, 1923 ; Theodor, Bull. Ent. Res. xiv, p. 342,
1924; Buxton, *. p. 310, 1924; Edwards, t6. xvii, p. 124, 1924;
Kirkpatriok, ' Mosq. of Egypt,' p. 33, 1925; Root, Amer. Joum.
Hyg. vi, p. 698, 1926, and vii, p. 470, 1927 ; de Meillon, BuU. Ent.
Jles. xix, p. 401, 1929.



Fig. 9.

Larval characters :—-1. Dorsal view o£ lai-va. 3. Antenna. 3. Struc-
tures at apex of antenna {after Puri). 4. Structures at tip
of maxillary palp (after Puri). 5. Mentuin and submentum.
6. Pecton. 7. Spiracular apparatus, dorsal view. 8. Leaflet of
palmate hair.

1. a. Antenna.
ap. Anal papillas.

O, Caudal hairs.

fb. Feeding-brushes.
H, Head.
m. Hair no. 1 of luetathorax

(pahnate hair),

n, Notched organ of Nuttall
and Shipley.

P, Pecten (or comb).
p. Abdominal segment, pal-

mate hairs.

Sp, Spiraculaj- apparatus.
T, Thorax.
t, Tergal plates of abdominal

segments.
I-X, Abdominal segments.

2. ah, Antennal hair.

S, Sabre.
th. Terminal hair.

3. c. Papilla.

/, Spine.
S, Sabres.

4. ca. Cone-shaped appendage
(bifid).

/, Finger.

ff. Paired finger-shaped ap-
pendages.

5. M, Mentum.
sm, Submentum.

6. The hair shown is no. 6 (comb-
hair or pocten-hair).

7. A, Fan-shaped plate.

{, Lateral plate of scoop.
Ip, Lateral papilla.

M, Median plate o£ scoop.
iS, Spiracle.
ac, Spiracular chitinisation.

8. 6, Basal portion of leaflet.

ft. Filament.
ah. Shoulder-serrations.
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Labval Chaeactees *.

The general nomenclature of the parts of the larva ia

shown in figs. 9 and 10. Further details regarding the larval

structures are given below. The notation employed for the hairs

is that of Pari, 1925 ; differences from other authors, where
they exist, will be found in the explanation of the figures.

Instars.

The characters given in synoptic tables of larval characters

are those relating to the fourth or last instar.

Larvae of the first instar are minute, measuring about 1 mm.
and very dark in colour. Those of the second and third

instars have a similar appearance but are larger. The third

ecdysis leading to the fourth instar occurs when the larva

has grown to about half the length it will be when fully grown.
Immediately after an ecdysis the head is quite pale and
almost transparent ; later it becomes darker, and in the

first three instars may be uniformly black.

In the first instar the hairs of the head, including the frontal

hairs, are for the most part simple and unbranched. On the

dorsal aspect of the head is the egg-breaker f. The palmate
hairs consist of a single leaflet only. The comb consists

of two parts—^the primary comb, which has about 6-10 teeth,

the longest in the middle, and anterior and ventral to this

a comb-Uke arrangement of teeth, the secondary comb. The
ventral fan is not developed as such, being represented by
a cluster of appressed spines on the ventral aspect of the last

segment, which, as shown by Lang|, may show specific

differences.

In the second and third instars there is an increasing degree

of branching of the frontal and other hairs, and the palmate
hairs show more leaflets. The comb is comparable in shape
with that of the last instar, but shows fewer and less differen-

tiated teeth. The maxillary palp is devoid of a subapical

hair in the second instar, but this is present in the third

(Lartg, p. 53). The dark collar on the posterior margin of the

head grows in width in the earUer instars with the age of
the larva, and may measure as much as one-third of the
length of the head ; it remains of its original width in the
last instar. In the second and third instars the head is

proportionately narrower than in the last instar.

• For a very full and complete account of larval characters, see
Puri, Ind. Med. Bes. Mem. no. 21, 1931.

t See Edwards, Ann. Mag. Nat. Hist. ser. 9, Hi, p. 372, 1919;
Tanzer and Osterwald, Arch. f. Sohifis. xxiii, Beih. 2, 1919 ; Bresslau,.
Biol. Zent. xl, p. 349, 1920.

t Laug, 'Haindb. Brit. Mosq.' p. 30, 1920. (A very good account of
instars.)
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Colour and Pattern.

The head commonly shows a pattern due to pigmented
spots connected with muscle attachments on the dorsum
of the head ; they may be variously developed in different

species and joined up or enveloped in pigmenl-douds. The
three anterior spots just behind the frontal hairs are commonly
linked up by cloud, forming a transverse bar across the middle
of the head ; the three median spots may be linked up to form
a longitudinal median band ; or the posterior spots may form
a large triangular patch ; there is also generally pigmentation
along the V-shaped epicranial suture. The pattern is only
of importance in certain cases where it may show specific

differences in nearly related forms. All species breeding
in certain situations (tree-holes, swamps, and wells) usually

have almost completely dark heads.

Markings of various kinds may be present on the thorax
and abdomen ; silvery spots often form a V on the thorax
and spots or lines on the abdominal segments. The colour

of the larva is also largely characteristic for the species.

As with the head-pattern, space will not permit of these

characters being described unless there is some pecuHarity,

and for particulars of such Puri should be consulted.

The Head.

The various structures of the head are shown in fig. 10, 1, 2,

The clypeal hairs arise on the front of the frons-clypeus.

They are here termed inner, outer, and posterior ; for brevity

the lettering ic, oc, and pc will be used respectively for these

hairs in the descriptions. In subgenus Anophdes the bases

of the inner hairs are close together, often nearly touching

;

in Myzomyia they are wide apart, usually twice, or more
than twice, the distance between the bases of the inner and
outer hair of the same side. The preclypeal hairs arising

from the preclypeus in front of the inner hairs should not

be mistaken for these ; there is an inner pair, rather long and
slender in some species ; the outer are minute, flattened,

often truncated projections.

Thefrontal hairs are three on each side ; when long, feathered,

and reaching forwards to the level of about the bases of the

inner clypeal hairs, they are referred to in the descriptions

as normal. They are reduced and usually simple or with

a few branches in tree-hole breeding species and in A. turkhudi.

The swtural (8) and trans-sviural (9) are usually about as long

as the posterior clypteal ; the former are simple in most species,

.but may be branched and even feathered, the latter may be
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simple or feathered. The subantennal hair (basal hair)

is usually a little shorter than the antenna, stout and feathered

(normal) ; it is modified in tree-hole breeding species and in

A. turkhudi.

The antenna carries at some point on its shaft the antennal

hair. In subgenus Anopheles this normally arises from the

inner surface and is usually branched even if small ; in sub-

genus Myzomyia it is a small, simple hair arising from the

dorso-external surface. Tree-hole breeders (subgenus Ano-
pheles) are anomalous in respect to this hair, and in them
it may not only be simple, but also arise from the external

surface. At the distal extremity of the antenna are a number

9. Trans-sutural (outer occipital of Root).
10. Terminal hair of antenna.
11. Antennal hair (shaft-hair).

12. Subantennal (basal).

13. Postmandibular (sub-basal).

14. Orbital (dorsal eye-hair of Martini).

15. Infra-orbital (ventral eye-hair of Martini).

16. Hair on maxillary palp.

17. Hair on basal piece of maxilla.
18. Postmaxillary hair.

19. Hair on maxillary plate.

20. Submental hair.

Prothobax.

0. Dorsal submedian (not given by Martini or Root).
1

.

Inner submedian prothoracic ^
2. Middle „ „ > Shoulder hairs.

3. Outer „ „ J
4-7. Lateral prothoracic hairs (no. 6 simple).

8. Ventral hair of lateral series.

9-12. Pleural hairs.

13. Ventral submedian.
14. Subcervical.

Mesothobax.

X. Large dorsal hair (representing palmate hair).

2-7. Small dorso-lateral hairs.

8. Large lateral hair (no. 9 of Martini).
9-12. Pleural hairs (nos. 10-13 of Martini and Root).

13. Submedian hair (no. 14 of Martini and Root).
14. Small lateral hair (no. 8 of Martini, 9 of Root).

Metathoeax.

1. Representing palmate hair (no. 4 of Martini and Root).
2. Small dorso-lateral „ (no. 3 ,, „ ).

3. „ „ „ (no. 2 „ „ ).

4- ,. .. „ (no. 1 „ „ ).

5. Large latere hair.

6. Small hair posterior to 7 and 8.

7-8. Large lateral hairs.
9-12. Pleural hairs.

13. Submedian ventral.
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Fig. 10.

10

12

v^



40 ANOPHBUNI,

of structures as shown in fig. 9, 3. The papilla is longer

than the spine in all tree-hole breeding species and in some
others (aitkeni, insulceflorum, lindesayi, umbrosua, turhhridi,

multicolor). According to Puri the longer papilla is the more
primitive ; it is especially long in the first instar larva.

The mouth-brushes (cephahc fans) show but httle variation

throughout the Anophehni, except in A. turkhudi, where
they are pecuHar and directed more outwards. The mandibles

are of complicated structure, but show few features of

systematic importance ; they are peculiar in A . turkhudi.

The maxillcB consist of a quadrangular plate forming the greater

part of the maxilla and an externally situated conical appen-
dage {maxillary palp). At the apex of the palp are the struc-

tures shown in the figure. The three leaflet-like appendages
are pecuUar to the Anophelini and cormeeted with their

method of feeding at the surface-film, with which these

structures are in contact. The relative length of the cone

and the finger may vary in different species. The cone
is usually single, but is bifid in the group Psevdomyzomyia.
The mentum lies in the middle line about the middle of the head
ventrally ; it carries a single apical and from 3-5 lateral

teeth on each side, the arrangement and character of which
are important. Ventral to the mentum is the somewhat
similar submentum, with the apical tooth usually double
(except, among Indian species, in A. ramsayi and A. maculi-

palpis, where it is siugle).

Thorax.

The division of the thorax into pro-, meso- and metathorax
is only indefinitely indicated externally, but the hmits of

these parts will be sufficiently clear from the figure

(fig. 10, 3, 4). Towards the front of the thorax on either

side are the retractile transparent notched organs of NuttaU
and Shipley. The long, branched, lateral hairs, of which
the bases only are shown, vary very little in different species

and are of httle systematic importance. The various hairs

of the thorax are shown in the figure ; the most important
for taxonomic purposes are hairs nos. 1-3 of the prothorax
{submedian prothoracic or shoulder hairs) and the pleural

hairs.

The submedian prothoracic (shoulder hairs) comprise an
inner, middle, and outer hair on each side. The middle hair

is usually much the largest, twice or more the length of the
inner ; it is stout and feathered and arises from a chitinised

tubercle. The inner hair may be feathered or have s few
branches only, or sometimes even be simple ; it may arise
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from a thickened base, which may, however, be poorly

developed or fused with that of the middle hair. The outer

hair is short and simple, except in A. annandalei, where
it is bifid or branched ; it arises without a thickened base

or from the base of the middle hair.

Hair no. 1 on the prothorax is the inner shoulder hair *.

On the mesothorax it is a conspicuous large, stout hair arising

from a thickened tubercle towards the middle of the dorsum
on each side. On the raetathorax it may exist as an ordinary
hair, but is commonly formed into a modified or fairly well

developed palmate hair, the test of which is whether the

branches arise together and are flattened ; it resembles,

but is never so well developed as, the palmate hairs on the
abdominal segments II-VII, and the leaflets are without a
filament.

Pleural Hairs.

These form one of the most important characters in Puri's

classification of the Anophehni on larval structures. Each
segment of the thorax carries on the ventro-lateral surface

of each side a group of tourpleural hairs, arising from a common
chitinised base ; they cannot bo mistaken, owing to the common
•origin of the hairs from characteristic tubercles which carry

a chitinised projection (fig. 10, 5, 6, 7).

The four hairs are arranged in each segment as an anterior

and a posterior pair, each composed of a dorsal and a ventral

hair. Of these, the anterior pairs are long, while the posterior

pairs are short or vestigial, except on the prothorax, where
the ventral hair is also long. There are, therefore, present on
the thorax on each side, three pro-, two meso- and two meta-
thoracic long pleural hairs. The posterior dorsal on the

prothorax may in some cases also be long, giving four longish

hairs on the prothorax, but this is never more than one-half

or two-thirds the length of the others. The various conditions

of these hairs, whether simple or feathered, form combinations

that, with a few exceptions, are characteristic of the different

genera, subgenera, and groups.

In Bironella and in the subgenera Anopheles and Nysso-

rhynchus all the long pleural hai^s are simple in the great

majority of cases. In subgenus Myzomyia they are simple

in group Neomyzomyia, but some at least are feathered in all

the remaining groups. The arrangement of the long pleural

hairs in the different groups of Myzomyia are given in tabular

form on the following page for ready reference.

* Sometimes trcuisformed into a palmate hair in Chagasia and
iiystorhynchus (Puri. p. 35).
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Table showing Characters of Lang Pleural Hairs
in Groups of Subgenus Myzomyia.

Prothoraoic dorsal anterior .

.

>, ventral „
„ dorsal posterior .

Mesothoracio dorsal anterior .

„ ventral „
Metathoracic dorsal anterior .

„ ventral „

•2

Si.'

S
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I

1

!

lOorf,

F

F
F
F
F

33 O

Is
F

i

F
F

F
i

i

F ;

F
F

0= Simple.
F= Feathered.
f=With some branches not amounting to feathering.

A more detailed description of the pleural hairs, including
the character of the shorter hairs and basal chitinous tubercle,
will be found under Characterization of Subgenera and Groups
and under the descriptions of species.

The Abdomen.

Abdominal segments I-VII are of simple construction.
Segment VIII posteriorly is slightly modified, its posterior
tergal plate forming the fan-shaped plate of the spiracular
apparatus. Segment IX is much reduced and modified, being

Segment IX.

1-4. Hairs of scoop (hairs a-d of Martini) (not shown in figure).
6. Hair on ventral aspect of scoop (hair e of Martini) (not shown

in figure).

8. Hair on ventral aspect of scoop (hair / of Martini) (not shown
in figure).

9. Postspiracular hair (hair g of Martini) (PS).

Seoment X.

ISC, Inner submedian caudal (tail-hairs of Martini).
OSO, Outer „ „ (dorsal hairs of Boot).

S, Lateral hair (saddle-hair).
VG, Ventral caudal (rudder-hairs o£ Martini, ventral fan of Root).

a. Spiracle.

t. Tergal plate of anal lobe.
tp. Tergal plates of abdominal segments.
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Fig. 11.

iii:
"

Hairs of abdomen of larva (after Puri) :—1. Abdominal segment II,

dorsal (D) and ventral view (V), showing hairs. 2. Abdominal
segments V-VIII, dorsal and ventral view, showing hairs.

3. Lateral view of segments VIII-X, and anal lobe, showing liair?.

Abdominal Segments I-VII.

0. Submedian dorsal.

1. Palmate hair.

2. Prepalmate (posterior to palmate hair on segment VI).
3-4. Small dorso-lateral hairs.

5. Dorso-lateral posterior.
6-7. Lateral hairs.

8. Stigmatic hair.

9. Ventro-lateral posterior.

10-12. Ventro-lateral small hairs.

13. Submedian ventral.

Segment VIII.

0. Submedian dorsal.

1-3. Fossate hairs (not shown in figure).

4. Hair at tip of lateral papilla.

5. Hair at base of lateral papilla.

6. Peoten hair (hair h of Martini).

7. Subpecten hair (hair 6 of Martini).

8. Small lateral hair (hair 7 of Martini).

9. Ventro-lateral posterior.

10. Small ventro-lateral hair (hair U of Martini).

13. Submedian ventral.
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represented in parts of the spiracular apparatus. Segment X
forms an appendage-like mass (anal lobe), which carries the

caudal hairs and four anal papillce, the latter arising round
the margins of the anus ; it is strictly a composite segment,

including elements of segment XI.
Near the anterior border of each segment is an oval

chitinous plate, which may be small or large (anterior tergal

plate.) ; about the middle of each segment is another very

small rounded plate
(
posterior tergal plate) . In group Myzomyia

most species show, also, a httle beliind the posterior tergal

plate, a pair of small, dark, oval plates, lying one on each
side of the middle Hne (paired oval plates). The anterior

tergal plates are very large in the species funestus, fiuviatilis,

minimus, and related forms, and may include the paired

oval plates.

The structures about the spiracles are shown in fig. 9, 7, and
fig. 11, 3. Along the posterior borders of the spiracles is a

crescentic chitinisation, which may be poorly or well developed
(spiracular chitinisation). When the anterior border of the

median plate is broad it may approach or touch the spiracular

chitinisations. On each side of the scoop, or posterior pro-

jection of the spiracular parts, is a comb-Mke structure, pecten

(or comb) *, which carries long and shorter spinous projec-

tions, all of which are usually finely serrated on their basal

half, only exceptions to this being noted in the descriptions.

The hairs of the abdominal segments are shown in fig.

11, 2. The most important hairs are no. 1 (palmate or

float hairs) and nos. 6-7 (lateral hairs).

On segments I and II hair no. 1 may be an ordinary small
branched hair or developed as a palmate hair ; it is considered

a pahnat* hair when the branches arise all together in a whorl
and are flattened. On segments III-VII the hair is generally

transformed into a well-marked palmate hair with from
12-24 leaflets. In subgenus Myzomyia the leaflets consist

of a basal portion (blade) and a terminal filament, usually with
a number of more or less closely-set serrations at the point

of origin of the filament (shoulder serrations). In subgenera
Anopheles and Nyssorhynchus the leaflets are usually lanceolate

in shape, or the differentiation of the filament is imperfect,
the serrations being spread out more or less along the apical

portion of the leaflet.

The lateral hairs on segments I and II form two stout,

feathered hairs, a dorsal (6) and a ventral (7) ; in most species

the dorsal hair is also present as a stout, feathered hair on
segment III (normal arrangement). In some species hair no. 6

* The term "pecten" is preferable, as this structure is homologous
with the pecten, and pot with the comb of ciilicine larvn.
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on segment III is not stout, has few branches, or is short.

On segments IV-V hair 6 is very long and somewhat slender,.

spUtting near its base or about its middle into 2-10 branches,
approaching in appearance a feathered hair where the number
of branches is large. On segment VI it is very long and
somewhat slender in Myzomyia, some Nyssorht/nchua and
tree-hole breeding Anopheles, but short otherwise in this

last subgenus ; it may be simple or branched and is feathered

in A. annandalei. On segment VII no. 6 is very short and
branched.

The poatspiracular hair (hair no. 9 of segment IX) in the
great majority of species has 3-8 branches ; it is simple
in barianensia, sergenti, and annandalei (sometimes bifid

in the last), and short in culiciformis and sintoni. The saddle-

hair is practically always long and simple ; it is modified
in aitkeni, aintoni, and majidi.

Arising from chitinised plates above the anus are the inner

and outer aubmedian caudal hairs. The ends of the branches
of the latter are usually curved to form hooks (tail-hooks)

;

some branches of the inner may in some species also form
delicate hooks. Ventral to the anus are the rudder-like

ventral catidal hairs.

The ventral surface of the thorax and abdomen bear minute
setae, more marked on the posterior than on the anterior

segments. These are especially conspicuous in some species,

notably A. annandalei and A. majidi.

The salient points regarding the larvae of Indian species

are given in the descriptions, and information wiU also be
found in the key in Part II., but for full details the very
full descriptions given in Puri's Memoir must be consulted.
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Chakactees of the Egg. (See figs. 14 & 15, pp. 92 & 93.)

With rare exceptions the egg of the Anophehni is boat-
shaped, with pointed ends, a flattish deck or upper surface,

and a more convex lower surface ; the end of the egg
corresponding to the head of the larva is somewhat broader
and blunter than the other. Surrounding the whole, or parts,

of the upper surface is the frill ; at the sides of the egg are
the floats.

The upper surface * is usually unornamented, but may-
show small, pale, punctate spots over the whole or portions
of its extent and rarely may show polygonal markings. In
those species in which the frill does not entirely surround
the upper surface it usually marks off a portion at either

end {anterior and posterior demarcated areas), somewhat horse-

shoe-shaped, whilst the median area, bordered by the floats,

is roughly quadrangular in outline. At both extremities
at the extreme points are a number of small, usually black,

tubercles (bosses).

The lower surface in subgenus Anopheles is usually
ornamented with a pale polygonal network | ; in subgenus
Myzomyia it is granular or may show pale punctaB. At the
anterior extremity of the lower surface, just below the point
of the egg, is the micropilar area. This is usually seen as
a small, dark, papular area with a central depression, the
micropile ; it may show a delicate, pale, scalloped line sur-

rounding it.

The frill may be broad or narrow ; it is usually striated

in the whole or part of its extent. Where it is not continued
past the floats it may end by merging gradually into these
or terminate more abruptly, in which case it usually ends
in a small projecting tag.

The floats show a number of corrugations (float-ridges),

and at either end there is commonly a more or less distinct

terminal cell (float-termination), which may be large and
rounded or small, and giving the float a pointed extremity.

• As the upper surface corresponds to the ventral aspect of the
contained larva, it is better to term this the upper surface rather than
the dorsal surface, as given in Christophers and Barraud, 1931.

t This network is absent in A. claviger (bi/ttrccaue) and A. plumheua.
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The majority of Oriental species have the egg conforming
to one of two mam types—the whale-back and the life-boat-

shaped egg ; some of the latter type have narrow high decks
fore and aft, and may be described as galleon-shaped. The
whale-back form has a narrow straight upper surface which
is well separated from the floats, so that between the floats

and the margin of the deck there intervenes a portion of the
lower surface. The variations in egg-characters will be seen
from the table given in Part II.

For minute structure and development of the egg from the
folhclo, see Christophers and Nicholson. The orientation of the
egg and contained larva is dealt with by Bresslau. The
flat side (upper surface) corresponds to the flatter side of the

Culex egg and is ventral. The convexity (lower surface)

is dorsal. The larva lies with the head towards the large

end of the egg, with its ventral surface corresponding to the
flat upper surface. The egg-breaker hes opposite the convexity
of the egg towards the anterior end. The caudal hairs are

directed forwards along the sides of the egg, and the balancer-

hairs forwards and upwards towards the anterior end of the egg.
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IV. GEOGRAPHICAL DISTRIBUTION.

As no general account of the distribution of the Anophelini
in a zoogeographical sense is usually given by authors writing

•on this group, some remarks on this subject may be useful.

The recognized zoogeographical regions of the world are

shown in the map on p. 50 (fig. 12) *. These regions are

mainly based on the study of the mammalian faunas, but
it is generally recognized that other classes of animals, such

as insects, usually show very similar, if not identical, faunal

boundaries. Each of the regions is characterized by whole

* For information regarding these regions, consult Wallace, ' The
<3eog. Dist. of Animals,' London, 1876 ; Heilpriu, ' TheDist. of Animals,'

London, 1907 ; Beddard, ' Zoogeography,' Cambridge, 1895 ; Lydek-
k^r, ' Geog. Hist, of Mammals,' Cambridge, 1896; D6per6t, 'Lea
Transformations du Monde Animal,' Paris, 1919; Trouessart, 'La
Distribution Qeographique des Animaux,' Paris, 1921 ; also ' Atlas

of Zoogeography,^ Bartholomew & Co., 1911 ; Sclater, 'The Geog. of

Mammals,' Kegan Paul, French, Triibner & Co., 1899.
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congeries of forms constituting that particular fauna, each
constituent class of animals having its own representative

types characteristic of such fauna.

Some of these types have a wide distribution and, probably,

represent recently, or even now, actively spreading dominant
forms. Others probably represent species or groups that are

disappearing, and, though formerly more widespread, now
occurring in small residual areas ; such a type of distribution

has been termed by Tillyard * palceogenic. When forms
extend very widely over the earth, owing to special adapt-
abihty or other causes, they are spoken of as peregrine forms.

The Anopholini conform very strictly in their distribution

to the recognized regions as given on the map. They have
no species of peregrine typo comparable with Aedea cegypti

and Culex fatigans in the CuUcini, though A. gambice has
recently been recorded well outside its proper area of dis-

tribution, and must be regarded as at least an unusually
actively dispersing form. Otherwise widely distributed species

show almost always a remarkable adherence to the regional

boundaries, and the distribution of subdivisions such as the

subgenera indicate a remarkable similarity between the

circumstances that have apparently affected the Anophelini
and those responsible for mammalian distribution.

The genera Chagasia and Bironella, with few species and
a restricted area of distribution, appear to be palseogenic

forms representing relics of once more widely distributed

types. The distribution of subgenus Stethomyia and group
Christya of Anopheles also appears to be palseogenic, there

being only two or three species confined to South and Central

America and one confined to Central Africa respectively.

Subgenus Anopheles is world-wide in distribution or almost so,

but in South and Central America is represented solely by the

pecuUar group Arribalzagia, or forms nearly related to this,

the group being confined to this region. Similar evidence

of special localized occurrence is given by subgenus Nysso-
rhynchris, which is also entirely peculiar to South and Central

America (Neotropical). Subgenus Myzomyia, on the other

hand, is confined to the Old World t> and group Ne^miyzomia

qf this subgenus is predominant in the Australian Region,

though it is also distributed throughout the Oriental Region
and, as shown recently, is represented by a number of species

in the Ethiopian Region. A very striking fact is that whilst

the Old World tropical and subtropical areas have a mixed
Anopheles and Myzomyia fauna, the considerable anopheline
fauna of North America is purely Anopheles, no Myzomyia
form being known.

• Tillyard, ' The Biology of Dragonflies,' Cambridge, 1917.

t Except for the recent introduction of A. gambioe into Brazil.
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The Zoogeogsaphical Regions as displayed by
Anophelini.

The completeness of the individuality of the Neotropical
Region inrespect to anopheline fauna is remarkable. Not only
are the genus Ohagasia, subgenus Stethomyia, subgenus
Nysaorhynchua and group Arribalzagia of subgenus Anopheles
entirely special to it, but no other forms than these exist

within its limits except a few rather transitional forms recently

placed by Edwards in group Cycloleppteron of Anopheles,

which have strong Arribalzagia affinities.

The Australian Region, which api)ears, from its mammalian
fauna, to show evidence of great isolation, does not show,
in respect to Anophelini, such extreme evidence of isolation

as does the Neotropical Region. Such isolation as there

is appears to be of a more recent type, and is evidenced by the
preponderance of the Neomyzomyia group, which on larval

and pharyngeal characters seems to be a more primitive

stem than the other groups of Myzomyia.
The anopheUne fauna of the Nearctic Region is composed

solely of group Anopheles. Only on its southern boundary
do one or two common South American forms occur.

The Palaearctic Region over a large part of its extent shows
only the well known species A. nmculipennis, A. claviger

(bifurcatics), and A. plumbeus, all typical of group Anopheles.

Other species of this group occur to the east in Japan and
North China, and no other forms occur to the south until,

fairly far north, the unmistakable Oriental fauna is encountered.

Proceeding south, in the western parts of the region a large

addition in species occurs when the so-called Transitional

or Mediterranean Subregion is entered. So distinct is this

part of the Palaearctic Region in respect to the distribution

of Anophelini that it would appear to merit, as regards

AnopheUni at least, the status of a region. The anopheline

fauna of the Mediterranean Subregion, which we shall have
-frequently to refer to in connection with Western Indian
species, shows some evidence of two components—a North
African and a Turko-Iranian. These two types remain
fairly distinct north and south of the existing Mediterranean,

but east of this sea they tend to intermingle, and elements

of both are found in Western India.

The Ethiopian Region is characterized by a large number
of species of Anophelini. There are, however, relatively

few representatives of subgenus Anopheles, and no tree-hole

breeding anophelines, such as are so conspicuous a part of this

subgenus in the Oriental Region, are known. Group Myzomyia
as especially dominant, with a very large mmiber of species.

DIPT.—^VOL. IV. E
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A certain number of Neomyzomyia occur. Neocellia is re^j.^.

sentfid by,t\-o species, A. maculiixdpis &nd A. prej^t^^i^nsis.

So far as is known, tlifereTSTlO'spwcIefe common to the Ethiopian
and Oriental Regions *, a few Indian species, wliich were
formerly thought to be the same as those of Africa, having
now been shown to be distinct.

The Indian area forms a part of the Oriental Region, and the
character of the fauna of this region is, therefore, of special

importance in the study of Indian faunas. It has a large,

composite anopheline fauna. Group Anopheles is well repre-
sented, and includes a considerable number of species living

at high altitudes and of species breeding in holes in trees.

Subgenus Myzomyia is represented by all the groups except
Cellia. Paramyzomyia {A. turkhudi) occurs, however, only
in 'the west, and is probably indicative of Mediterranean
influence. Psevdomyzomyia is strongly represented by some
of the most prevalent of ail species. Neocellia, of which
there are a large number of species, is a predominant group
and almost peculiar to the region |. Group Myzomyia
is rather poorly represented compared with the number
of species of this group in the Ethiopian Region, the Oriental
Region being richer in species of this group to the west, where
it is reinforced by several forms belonging to what is referred

to later as the Indian element in the fauna.

The boundaries of the Oriental Region as given by Wallace
extend from the Indus along the Himalayas and through
the mountains of South China to include South and East
China as far north as Shanghai, and including Formosa,
the Philippines, and the Malay Archipelago as far as a Une
passing east of Bali and west of Celebes. He recognizes
four subregions : (1) Indian, including the greater part
of India

; (2) Ceylonese, including India south of Mysore
and Ceylon

; (3) Indo-Chinese, including Burma and South
China, with an extension westwards along the Himalayas

;

and (4) Malayan, including the Malay Peninsula from Tenas-
serim, with the remainder of the area as already outlined.

Sclater's boimdaries and subdivisions are generally similar,

but he includes country west of the Indus in the Indian
subregion, with an extension through Baluchistan to the head
of the Persian Gulf, and does not recognize a separate Ceylonese
subregion. Celebes is placed in the Oriental instead of in the
Australian Region, but as a separate subregion.

* >4.dtAaK is, perhaps, to be regarded as an exception; its distribution
is essentially eastern Mediterranean, but it extends southwards along
the dry east coast of Africa as far as Somaliland, a» well as eastwards
into Baluchistan.

f Outlying species are the two referred to in the Ethiopian Begion
and the superficially very distinct Mediterranean A. »uperpictua.

s2
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^clater's boundaries and subdivisions appear most in

accOTQ'-Ji^^J^ distribution of Anophelini, but the Oriental

area as given aoove "siiou^tT'OS' SJteiiuod to include China
as far north as Pekin ; South Japan ; the Lesser Sunda
Islands as far as the most eastern island, Roma ; and to some
extent the Moluccas.
As regards subregions, the Indian area under review lies

mainly in the Indian and Burmo-Chinese * Subregions of

Sclater. Only Tenasserim (in which few collections have
been made) comes within the third or Malayan Subregion.

The distinction, however, as regards Anophelini, between
the Indian and the Burmo-Chinese Subregions, is not very
marked, though in one or two eases some indication of their

distinctness is given (e. g. the distribution of type-form

A. jeyporiensis and of var. candidiensis). Blanford includes

from the base of the Himalayas to Cape Comorin, with the
exception of the Malabar coast and with the addition of North
Ceylon, in his " Indian " area, and recognizes a Malabar
or Ceylonese area which includes the Malabar coast and the

neighbouring hills as far north as the Tapti River and southern
Ceylon. Here again it is difficult to recognize any distinct

difference in the anopheline faunas of the two areas.

Akopheline Fauna of the Indian Aeea.

On the whole the fauna of the Indian area appears to change
somewhat gradually from east to west, and this change
is clearly largely correlated with rainfall. A large part of the

Indian Subregion of Sclater differs from country more to

the south and west in showing, as one proceeds west, a
progressive reduction in rainfall amounting eventually to

actual desert conditions. In addition, new elements appear,

as one proceeds further and further west, which modify
to some extent the Oriental type of the fauna. Out of a
total of 42 species and 10 varieties of these, 22 species

and 2 vsirieties are widely distributed Oriental species

extending into the Indian area, and one can only regard

them as Oriental forms without any special reference to

any of the subregions of the area discussed above. Two
further species and four varieties of these may be termed
of Oriental Alpine type, being forms which are found at high
altitudes in a number of widely separated parts of the
Oriental Region. Many of these species, however, have
a distribution which does not extend to the western border

of India, and some extend only a short distance, being recorded
only from the more eastern or, sometimes, the more eastern

* Practically identical with Wtdlace's Indo-Chinme Subregion.
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and southern portions of the Peninsula. There is thus a falling

off in Oriental species from east to west, but this falhng off

is less marked as regards the still heavily forested area of heavy-

precipitation in Malabar and Ceylon, thus in part giving

rise to the differences which might lead to these being

considered as in some degree special. This falling off is made
good by the appearance of a number of species which have
an Indian distribution and are not eastern Oriental forms,

and finally there appear species which are definitely trans-

gressive from the Mediterranean area (see " Tabular Statement
of Species," p. 56).

The Oriental Element.

No species having a wide Oriental distribution east of the
Indian area has been recorded west of approximately the

N.W. Frontier of India ; only a small proportion, as will

be seen from the table, extend so far. The western hmit
of the majority of these widespread Oriental species is such
as to include Burma, Assam, Bengal, Bihar and Orissa,

Madras, Ceylon, Bombay, and usually the Central Provinces

—

in other words the south and east of the area. The limit

is very commonly an oblique line bisecting the Indian Peninsula
and running in a south-west to north-east direction from
about the Gulf of Cambay to the Himalayas.
Some species have not been recorded from the Central

Provinces nor even from Northern Madras, and in this case

there may be an apparently discontinuous distribution,

the species occurring in Assam, Burma, and Bengal and in

South or South-West India, but not in the intervening area.

Such apparent distribution may, however, as more collecting

is done, be shown to belong to the first type.

One or two species have only been recorded in the eastern
parts of the area, and do not, apparently, extend into the
Indian Peninsula.

These types of distribution are probably largely determined
by the physiographical and meteorological features. Forest-

and shade-loving species are likely to be restricted to the
heavily forested and uncleared tracts, and thus show a con-

tinuous or discontinuous distribution in the east and south
and in the area of heavy precipitation on the west coast.

Forms less dependent on uncleared forest extend as a rule

to about the limit noted above, when conditions for rice-field

breeders etc. become much less favourable owing to a lower
rainfall and more highly desiccated or desert regions. The
Oriental element is then reduced to a relatively few species

which still find suitable conditions, such as the foothill

species and the monsoon speeies A. svbpictus. Most of the
typically Oriental species tend to become scarce even before
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the limits of their actual distribution are reached. The hill

species, on the other hand, tend to pass far to the west, the

conditions along the foothills of the Himalayas, and even
the drier hills of the North-West Province and Baluchistan,

being relatively favourable to them. For such species the
north-western limits extend at least as far as the Hindu
Kush (Chitral).

Alpine Oriental species occur in the highlands, usually at

altitudes of from 3000-8000 feet, especially in the south

of the peninsula, in the Himalayas, and in the ranges ofAssam
and Burma. They may show on this account markedly dis-

continuous distribution, and they occur in the form of local

varieties, usually a South Indian and a Himalayan form, whilst

in the case of A. gigas there is also a distinct form in the east

and one in Ceylon. In the north-west A. gigas var. simhnsis
has been recorded from hill-stations as far west as Rawalpindi,
and A. lindesayi from various localities as far as Chitral and
to the south in the ranges of the N.W. Frontier Province
and Baluchistan. In the east A. gigas var. baileyi is recorded
from Tibet and Central China.

Rightly included in the Oriental fauna are certain species

and varieties which are forms of, or closely resemble, Oriental

forms, but have a distribution more or less restricted to the

Indian area. Among such is A. pallidus * which is par-
ticularly common in the Central Indian area. A. theobaldi

is very close to A. maculatus and can only be regarded as

Oriental in t5rpe, though its area of chief prevalence is also

Central India. A. majidi is also a species which is best

regarded as part of the Oriental element in the fauna, though
it is not recorded east of India. A. varuna may possibly

be considered in this category.

Further, there are certain forms with very localized dis-

tributions that may be regarded as indigenous species, and
80 also rightly considered as a part of the underlying Oriental

element. A. cidiciformis and A. sintoni are recorded only
from the Malabar forest area, and appear to be highly
indigenous forms pecuhar to Malabar. A. annandalei is

recorded from Eastern Bengal and Assam and also Ceylon.

A. barianensis resembles the Palaearctic A. pluwbeus, but
is quite distinct ; it has a distribution hmited to the North-
West Himalayas. It might be considered as exhibiting

Palsearctic influence, but is better regarded as an indigenous

(Oriental) species. All the above are tree-hole breeders.

If the various tj^es of species referred to above are all

included in the Oriental element, then 32 species and 10 varieties

in the Indian list come under this category.

* This species has been recently recorded from Java.
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The Indian Element.

Among species with an Indian distribution some have
akeady been dealt with as more or less local developments
in the Oriental element, or as indigenous Indian forms which
should, in the absence of reasons to the contrary, be regarded
as local developments of the Oriental element.

There remain certain species which do not conform in their

type of distribution to the general Oriental plan and, from
the nature of some of the species at least, may be regarded
as to some degree a foreign element. It is characteristic

of these species that they extend usually far beyond the

western frontier and are found in Arabia, Turkestan, etc.

It seems certain that their centre of prevalence is more
westerly than that of the ordinary Oriental form, and they
are here referred to as Indian. A. culicifacies is an extremely
common species throughout the whole of India, Burma, and
Ceylon, but is unknown further east, except from Siam.
It has been recorded from Arabia (Muscat and Aden).
A. fluviatilis, which occurs, along with A. minimus, in the
more eastern areas, is found without the latter species up
to the extreme north-west limit of India and in Turkestan.
A variety or closely related species {A. arabicus) is recorded
from Muscat. A. moghulensia has a distribution very similar

to A. fluviatilis except that it does not extend so far east

and is not recorded from Arabia ; it is a distinctly western
form not foxmd in the east and south. A . stephensi is unknown
in the Malay States, French Indo-China, Siam, Dutch East
Indies or China. It occurs in India from Burma to the
North-West Frontier, and in Mesopotamia to the borders

of the Arabian Desert (Kerbela). A. turkhudi has a fairly

wide distribution over the north-west of India and Baluchistan.

It appears to be the species described by Patton from the
Aden Hinterland as A. azriki, and is closely related to the
Mediterranean species A. hispaniola and A. italicus, also

to A. flaviceps of the Sudan and A. multicolor of the
Saharan area.

The Mediterranean Element.

A. pulcherrimus has a distribution somewhat transitional

between that of most of the Mediterranean species in the
Indian area and that of the species that have been referred

to as constituting the Indian element. It has a fairly wide
distribution in India, extending as far east as the western
United Provinces, and occurs in Sind, but it cannot be con-

sidered other than eastern Mediterranean, since it occurs

widely in Turkestan, Mesopotamia, and the Caucasus.

A. superpictus has a more extended distribution than the
last-mentioned species in the Mediterranean area, but a less
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extended one in India. This species is a hill and mountain
species and is distributed in the main accordingly ; A . pulcher-

rimua is specially associated with the large alluvial basins

(Indus, Oxus, Tigris) which he about the great Persian and
Afghanistan plateau. Both species represent the Turko-
Iranian type of distribution.

A. sergenti and A. multicolor are also Mediterranean species

occurring in the Indian area ; they represent the North
African type of distribution.

Tabular Statement of Species and Varieties of the Anopheline
Fauna of the Indian Area, grouped according to consider-

ations of geographical distribution.

A. Obientai, Element.
1. With a wide distribution in the Oriental Region to the oast and

extending into the Indian area.

a. With a wide distribution in India, extending to the North-West
Frontier or nearly so.

A. barbiroHlris. A. maculatus,
A. annularis. A. sjilendidus.

A. hyrcanus var. nigerrimus. A. subpictiis.

b. With a more restricted distribution, but extending into the-

peninsula and recorded east and south.
A. aconitus. A. minimus.
A. aitkeni. A. philippinensis.

A. insulwflorum. A. pseudobarbirostria.
A. jamem. A. tessellatus.

A. karwari. A. vagus.
A. leucoaphyrue.

c. Recorded in the east only (Burma, Assam, Bengal).
A. aitkeni var. bengalenais. A. kochi.

A. hyrcanus var. sinensis. A. sundaicus.
A. jeyporiensis var. candidiensis. A. umbrosus.

2. Species or varieties with an Indian distribution only, but nearly
related to Eastern Oriental species.

A, annandalei and var. inter- A. pallidus.

ruptua. A. ramsayi.
A. jeyporiensis. A. theobaldi.

A, maeulatus var. tvillmori. A. varuna.
A. majidi. A. barbiroatris var. ahomi.

3. Indigenous species with localized distribution in area.

A. barianensis. A. aintoni.

A. culiciformis.

4. Oriental Alpine species.

A. lindeaayi and var. nilgiricus. A. gigaa and varieties.

B. Indian Element : species with a western Oriental type of
distribution.

A. culicifacies. A. atephensi.
A. fluviatiUa. A. turkhudi.
A. moghulenais.

C. Mbditeebanean Element : species with a Mediterranean dis-

tribution recorded from the Indian area.
A. dthali. A. eergerUi.

A. mtUticolor. A. avperpictiia.

A. pulcherrimus.
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V. PHYLOGENY.
No Anophelini occur among the known fossil forms

of mosquitoes. No direct evidence on phylogeny therefore

exists, but some indication of the evolutionary history of the
tribe appears to be given by studies on its classification and
distribution.

The hypopygial characters show only certain stems, none
of which appear to meet in intermediate forms. Evolution
in the stems appears to have been in the general direction

of increased scaUng and ornamentation, development of
pharyngeal armature, an increase in the number of long
pleural hairs in the larva that are feathered, and a change
from a lanceolate palmate leaflet to one with a shoulder and
a terminal filament. Along with these progressive changes
are others of a retrogressive nature, such as reduction in the
number of the propleural hairs of the adult and loss of the
branched antennal hair of the larva.

Subgenus Anopheles appears to be the oldest of the pre-

dominant subgenera, not only on the above criteria, but
by reason of its world-wide distribution and the greater

diversity and distinctness of its forms ; almost every species

of the subgenus appears to be as distinctive as are the groups
in subgenus Myzomyia, if not more so.

Nyssorhynchus appears to be a Neotropical development
from some pre-.4»iopAeZes form, whilst group Arribalzagia

appears to be a highly specialized development of subgenus
Anopheles.

Myzomyia shows every evidence of being a new and actively

disseminating branch, as is suggested by its complete absence
from the New World. Had it been once disseminated through-
out North America it is unlikely that it would have been
eliminated from the whole continent so completely as to leave
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not a single species in this area, though there is no actual

proof that this did not occur. The apparent affinity between
the group Neomyzomyia and subgenus Nysaorhynchus suggests

an intermediate ancestor, though not necessarily one in the

south, i. e., such affinity does not prove or suggest a land-

connection between Australia and South America, as the

common ancestor may have been derived from the north

and later eliminated.

From the affinities and geographical distribution of the

different groups and the known history, based on fossil

remains, of the mammals, forming components of the same
faunal systems as these mosquitoes, it seems not imreasonable

to hazard at least a suggestion of the probable history of the

tribe.

The date of isolation of South America, judging by the

history of mammals, would be from the middle of the Eocene,
when connections between North and South America were
severed, until the end of the PUocene (Zittel). The anopheUne
fauna, therefore, arose from elements which pre-dated this

period, and there were already subgenus Anopheles-like

forms, as well as some earlier type from which Nyssorhynchus
arose.

At some unknown period a similar special development
took place, resulting in an early form (Neomyzomyia) of

subgenus Myzomyia. This form appears to have once been
distributed throughout the Oriental, Ethiopian, andAustraUan
Regions, and to have later undergone some regression,

eventually remaining in greatest strength in the Australian

Region.
Edwards, in reviewing the fossil remains of mosquitoes,

notes that probably all the main divisions of the family

existed in Mid-Tertiary times much as they do to-day, and
with almost identical characters, and considers that, though
no fossil Anopheles have been found, there can be no doubt
from its morphology that this is also an old genus, probably
older than any cuHcine form. This receives support from
the above.

Nevertheless, there is some evidence suggesting that some
features in the distribution of the Anophelini are of relatively

late period, *. e., at least as late as the Pliocene. If we regard
Neocellia as having a history comparable with that of the
mammalian element of the fauna of which it now forms a
part in the Oriental Region, its most probable origin would
be from the Miocene fauna (Malayan fauna of Suess), which
once extended over Europe and North Africa, and those few
species found in Africa would be still more fragmentary
remains of this fauna. Similaxly, group Myzomyia, regarded
as the equivalent of the existing mammalian African fauna '
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would be derived from a Pliocene fauna which once spread
over the Mediterranean and far into the east (Hipparion or

Siwalik fauna). Some of the distributional features must at

least be relatively recent, since large tracts in the Middle East,
now with an abundant anophelLne fauna, were widely sub-

merged in the Miocene. There seems little doubt, however,
of the antiquity of the early stems.
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VI. BIONOMICS AND RELATION TO DISEASE.

Metamorphosis and Early Stages.

Only a very brief reference is possible in a volume of this

nature to the very large amount of work that has been done
in relation to the bionomics of Anophelini, and the part they
play in the epidemiology of malaria *.

The eggs are laid either singly and directly upon water,

or heaped up on the bank or some floating object. When
first laid, the eggs are white, but they darken rapidly, and
in a few hours become a deep black. Premature or unfer-

tilized eggs may remain white and do not hatch. tVhen
laid directly on water, or when the heaped-up eggs arc placed
on water, they form patterns, due to the action of surface

tension and the shape of the egg. Where the egg is broad
and oval, with prominent floats, they tend to come together

in sets of three eggs, with their poles approximated, forming
triangles or larger groups of stars or six-rayed hexagons.
Where the egg is longer and straighter, or where it has a very
broad frill or lacks floats, many, or all, the eggs become
arranged side by side, forming straight or curved ribbon-hke
groups. When floating free the eggs tend to accumulate
at the edge of the vessel or bank, and are drawn up on the
meniscus with the narrow end upwards and the broader end,

due to its greater weight, downwards.
Hatching under normal conditions in the teopics usually

occurs in about 48 hours, but may be delayed. Eggs up to

about 12 hours after deposition are susceptible to desiccation,

• A bibliography on this enormous subject would be impracticable
in a work of the present size and scope ; for references to work in India
consult the bibliography given by Covell in his Memoir on distribution.

Actual references in the text under the different species are, however
given in section E of the Bibliography.



60 ANOPHBLINI.

and do not hatch if dried and later placed on water. After

development has proceeded for 24 hours or more, even though
they are wrinkled, eggs hatch, usually after some delay, when
placed on water, if the period of desiccation has not exceeded
about 48 hours. Eggs kept moist but not on water do not
hatch, but remain viable for periods up to 10-16 days, and
hatch almost at once on being placed on water. Cold delays

hatching, and below certain temperatures (about 60° F. in some
species) the eggs do not hatch unless the temperature is

raised. Eggs may be kept at low temperatures (in ice),

in some cases for long periods, without afiPocting their ultimate

hatching.

The larva escapes by a spiral cut or break, forming a cap
at the thick end of the egg, probably produced by the action

of the egg-breaker and rotation of the head. The break is

mainly on the lower surface, and the cap is left attached
mainly by a portion of the deck. Larvae, when hatched
on wet blotting-paper or a floating leaf, etc., crawl, especially

downwards, to reach the water.

The whole period of metamorphosis from oviposition to
emergence of the adult usually lasts under favourable con-

ditions in the tropics from about 13-19 days, but may
be as short as 9-10 days in exceptional cases, or longer, with
certain species, under unfavourable conditions or low tem-
perature. The larval period may, under favourable conditions,

be 8-9 days, or extended to a month or more under low
temperatures or unfavourable conditions in regard to food.

In species breeding in tree-holes the time may be very variable ;

Hacker records larvae of A. asiaticus as Hving up to 163 days
without pupating, though eventually emerging as adults.

The first three instars last about 2 days each, the last instar

being about twice as long.

The larva usually lies at rest at the surface, with the caudal
end against some object, and the body directed at right

angles to this, the position being largely maintained by
physical forces. When disturbed, the larva either swims
backwards in a series of wriggling, zigzag, or scuttling move-
ments of the body, allows itself to siii, or swims rapidly
downwards, tail first, to the bottom or to a considerable depth
if in deep water. Young larvae are usually less readily

alarmed than older larvse, which may be extremely alert,

and sink, even as the result of tremors of approaching foot-

steps in some cases. Larvse when disturbed may remain
inert, and apparently dead, at the bottom, or hanging by their

tail-hooks to the sides of a tank or vegetation up to 20 minutes
or more, but usually they return after a minute or so to the
surface and immediately swim to shelter. In rimning water
they may attach themselves by their caudal tail-hooks to
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maintain their position. They may sometimes remain
beneath the surface attached to confervae on stones or to

vegetation, apparently respiring in this position.

Feeding takes place usually whenever at rest and undisturbed
at the surface. The head is rotated to bring the ventral
surface uppermost, and contact is made with the surface

film by the maxillae and submentum. The brushes are

then worked rapidly and rhythmically, setting up a shallow
surface current under the surface film directed to the head
of the larva from in front. The current impinges against
the closed mandibles and is shot out from the outer surface

at right angles on each side of the head. As the current

passes through the mouth it is combed by the maxillae, which
are in constant vibratile movement. After accumulation
of a certain amount of solid matter in the mouth this is passed
in a bolus into the oesophagus. Particles as small as bacteria

are removed from the stream.
The food of larvae is of a miscellaneous character, consisting

of formed and unformed organic matter. With this is usually

included a considerable amount of small spicules of silica

and particles of other mineral matter. The formed material

consists of unicellular algse, flagellates, ciHates, and other

floating vegetable and animal life. The nature of the brown
amorphous unformed material that forms a considerable

proportion of the food is not known. Larvae may be reared
on pure cultures of Euglena, yeast, etc. Where the water
is especially shallow, larvte of some species may browse
at the bottom on organic particulate matter.

Change into the pupal stage occurs suddenly in full-grown

larvae after a short period, during which these cease to feed

and rest at the surface, usually hanging down a Uttle from the

surface film in the attitude of an A. turkhvdi larva. The
pupal stage usually lasts in the tropics for 36-48 hours.

Lamborn has never observed prolongation of this stage

as of the larval period. At low temperatures, and especially

with large species, the period may be longer (8 days in A. gigas

in cool weather in the hills). The pupa, more frequently

than the larva, may remain anchored to stones, etc., beneath
the surface ; they also tend to secrete themselves amongst
vegetation and under rocky ledges, etc.

Emergence of the adult usually occurs in the tropics in the

evening or at night before 11 p.m., but in cold cUmates
emergence is usually at some time during the day. The
proportion of the two sexes emerging is always about equal,

with a s%ht preponderajice of females. Sex has been supposed

to depend to some extent on the food-supply of the krva,

but this is almost certainly not so, as the sex is already

detectable in very young larvae.
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Breeding Places.

The sites where larvee are found breeding in nature are known
as breeding places. The nature of the water forming breeding

places is of a very varied character, but the collections are

either small in extent, e. g., pools, puddles, tree-holes, or have
shelter provided by vegetation, e. g., swamps, river-margins,

rice-fields, etc. Only few species are sometimes found in

foul or much polluted water. A certain number of species

have the power of breeding in brackish water and some
{A. sundaicus, A. multicolor) have an actual preference or

normally breed in such water.

Different species may show predilection for certain types

of breeding place {selective brewing). This predilection is not
always according to the actual type of breeding place, but
depends upon some requirement that may be present in several

types. To ascertain what the actual requirements are, the
physico-chemical characters of the water of breeding places

have been much studied. With the same object the extent
to which different species are found breeding together has
been investigated [association). Similarly there exist many
cecological studies of breeding places dealing with favourable
and unfavourable vegetation, etc.

Selective breeding and association do not appear to be
directly related in any degree to the physico-chemical char-

acters such as hydrogen-ion concentration, dissolved oxygen,
albuminoid nitrogen and absorbed oxygen, etc., though
they may show an indirect relationship. Gater and Rajah-
money have analyzed breeding places in the Federated Malay
States under the categories of swamps, ponds, rice-fields,

streams, drains, seepages, wells, pools, sumps, artificial

containfers, hoof-marks, cut and bored bamboos, and miscel-

laneous. A better classification to bring out selective breeding
habits of species would be one where such categories are
subordinated to general cecological conditions and, in par-
ticular, one taking note of the surroundings. To classify

breeding places logically is, however, very difficult, and
no really satisfactory classification or method of setting these

out has yet been given. The commonest breeding places

of Indian species are given below, with the chief species

found breeding in each general type. For more detailed
information the note on habits under the species name in the
systematic part of this volume should be consulted.

Indian breeding places differ from those that are prominent
in Gater and Rajahmoney's series, notably in the relatively

small importance of the heavy jungle and sea-coast type
and the much greater frequency and variety of the seepage,
rock and sand group and breeding places on alluvium. This
is obviously due to the many large sandy and rocky river
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beds and mountain torrents and nullahs without much
vegetation in India, and to the very extensive alluvial plains

of India, with the ubiquitous excavations about the villages

and the great development of irrigation in the north-west

associated with semi-desert conditions.

Chief Types of Breeding Places in Indian Area, with Species of
Anopheles most commonly found therein.

A. Forest and deep jungle.

a. Pools, drains, streams, and backwaters.
A. aitkeni, leucosphyrus, umbrosv^.

b. Tree-holes, collections in roots of trees, and cut stumps.

A. culiciformis, sintoni, annandalei.

B. Open vegetation or grass-covered stagnant waters.

A. barbirostris, hyrcanus, annularis, jamesi, philip-

pinensia.

a. Swamps, drying rivers, bhUs, khals, jheels.

b. Lakes, reservoirs, tanks, ponds, moats, largo open wells.

c. Deep stagnant drains and ditches, stagnant river margins,
stagnant weedy pools in river beds.

d. Grassy pools, Casuarina pits.

C. Rice-fields, fallow rice-land.

A. hyrcanus, pallidtui, annularis, splendidus, jeyporiensis.

D. Open, slowly running water, river margins, streams with grassy
edges, jhoras, flowing drains, and drainage channels.

A. minimus, maculatus, jeyporiensis.

E. Canals, irrigation channels, irrigation pools, leaks, and overflows.

A. culicifacies, subpictus.

F. Water in connection with rocks, sand, and seepage.

A. maculatus, stepliensi, fluviatilis, splendidtis, karwari,
culicifacies, moghtdensis.

a. Pools in rocky river, stream, and torrent beds, pools in sandy
river beds and nullahs, leaks below reservoirs.

6. Seepages, water in cuttings, swampy and marshy land,
springs, spring-fed pools and trickles.

G. Water collections on earth and alluvium.

A. subpictus, vagus, stephensi, culicifacies.

a. Collections of rain-water, water-filled excavations, borrow-
pits, brick-fields, buffalo wallows, roadside pools, quarries.

6. Collections in ditches, drains, waste water.

c. Puddles, hoof-marks, cart-ruts, water-fiUed furrows, leaks
from pipes or taps.

H. Artificial collections.

A. stephensi, subpicttia, vagus.

a. Cement reservoirs, cisterns, fountains, collections of water
used in buildings, flooded cellars.

6. Collections in barrels, tubs, pots, machinery, roof-gutters.

0. Wells, houae-wells, irrigation wells.
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Habits and Behavioue of the Adult.

Adults of many species are to be found in cattle-sheds

and unoccupied disused rooms, where they are to be captured,

often in large numbers, resting on the cobwebs, on and among
thatch where it is dirty and sooty, among dung-cakes, in grain

receptacles resting on chaff, sheltered behind stored agri-

cultural implements, and suchlike situations. They are

usually less numerous in occupied rooms, as the type of shelter

is less suitable, and they are liable to be driven out in the

early morning by smoke.
Males are not attracted, when seeking shelter to the same

extent as the females, by the presence of man or animals,

and tend to shelter elsewhere ; they are also liable to die

off more rapidly, at least in the drier climates. Probably,

for these reasons, catches of adults in houses and cow-sheds
usually show a great preponderance of females.

Such species as are found resting in houses and cattle-sheds,

and very often breeding not very far from habitations,

are frequently referred to as " domestic " species ; those

found almost entirely in forest or jungle, which attack man
(when they do so) only in their own native haunts, are

commonly called " wild " species. Some species are inter-

mediate in character and enter houses to feed, but leave

before the morning, and shelter during the day in the jungle

or undergrowth.
A large proportion of the species in the tribe have been

observed to feed on human or animal blood in nature or

experimentally, or to have been caught engorged with blood.

Almost all the Indian species have been so incriminated
;

even wild species frequently attempt to feed in the shade

of the forest or near their breeding places. Domestic species

usually feed by night or at dusk, but may do so, especially

in warm weather, during the day.

Certain species are more especially associated with cattle

;

others show a relatively greater tendency to be found in

houses {hoMse-frequenting species). The term zoophilism has

been given to a condition much studied in Europe, where
different races of^. maculipennis are recognized, some showing
a marked preference for cattle-blood as against human blood.

This was at one time believed to be the result of selective

breedii^, where large numbers of cattle are permanently
stabled under certain conditions, but is now recognized as due
to the occurrence of varieties of A. mactdipennis difEering

in regard to their associative habits with man and cattle

respectively. Protection m^y be brought about through the

presence of cattle, which attract Anopheles sund reduce the

number feeding on man (deviation of Anopheles). Whether
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cattle protect, or to what degree they do so, in Indian con-

ditions is uncertain.

Anopheles do not remain every night in the shed or room
in which they liave roatad during tile day, but appear almost
nightly to change their resting jjlaco, so that the anopheline
population of any particular room or shed is perpetually

changing, find infected Anopheles are as likely to be found
in a cow-shed as in a human dwelling {nightly turnover).

The distanc-o traversed by Anophelini from their breeding

places in search of food may be considerable, but usually

does not exceed about a quarter of a mile. In op^^n country
distances of several kilometres have been recorded as traversed

under some circumstances. There appear to be authentic

instances where Anopheles have appeared on ships at a dis-

tance of some miles from shore. Some species appear to be
stronger fliers than others. Besides active dispersal in tliis

way, Anophelini are froqtiently carried considerahle dis-

tances by trains, steamers or vehicles {'passive dispersal or

conveyance).

In captivity in the tropics Anophelini do not appear to

mate very readily, but fertilization occurs usually if freshly

hatched males and females are left together and the latter

allowed a blood meal ; better results, according to MacGrogor,
are obtained if suitable food (raisins or glutfose solution)

be given also to the males. Fertilization of the female
appears to occur in nature under Indian conditions pn the

first or second night after emergence, as all females caught
in houses or sheds, except those evidently newly hatched,
show spermatozoa in the spermatheca. Swarming of males
has been described in Europe, West Africa, Egypt, and the

Philippines {" rossii"), but not, so far, in the Indian area,

though it probably occurs. Fertilization prol)ably ocnnirs,

apart from swarming in the open, in houses or sheds.

In the case of domestic species in the tropics, blood is taken
very early—as a rule by the second night at least—and the

ovaries begin a rapid development, which may be completed
in some five days. An even shorter time is required for

subsequent batches of eggs owing to the second follicle

undergoing preparatory development before the eggs of the

previous follicle are laid.

When the ovaries are approa;ching maturation the female

ceases to feed and digests all the blood in the gut. On
reaching this stage they leave the village to seek suitable

places for oviposition. Following successful oviposition,

they may return again to the same or some other source

of blood-supply. Oviposition under artificial conditions

usually occurs some time during the night. The female

PIPT.—VOL. IV. V
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fixes the anterior legs upon the sides of the vessel or other

support and lowers the body, vrith the wings folded, hori-

zontally towards the water, all the tarsi being flat on the

water. Each egg is extruded abruptly upwards from the

extremity of the abdomen. After remaining some seconds

in this position the egg falls and another egg is extruded

eggs are laid at a rate of about 6-10 per minute. Somewhat
less than 100 are commonly laid, but the number may exceed

100 or, in some species, may amount to several hundreds.

Teeeain, Season, and othee Inklxjences.

Type of country has a considerable effect in regard to the

species encountered. India being very largely cleared of

primeval forest, and lacking over most of the area the mangrove
and Nipa-Tpfhlm swamps of countries further east, species

breeding in these conditions do not assume the same import-

ance. The broad alluvial plains tend to show chiefly the

common domestic and rice-field breeding species. The
low hill tracts of the peninsular area have a somewhat different

selection of species, whilst the high plateaus of the south

and the Himalayas show a special alpine anophelino fauna
not usually found below about 5,000 feet.

Seasonal prevalence in the southern areas is u,sually more
or less constant throughout the year, depending on local

conditions and rain. Over a large part of the Peninsula
where conditions are less humid prevalence is greater

during and following the S.W. Monsoon in July to September.
In the north, and especially in the north-west, there is

a reduction or virtual disappearance of adults, due to lowered
temperature in the cold weather season. The latitude south
of which, in the Indian area, lowered temperature ceases to

play an important part in this respect appears to be about
27° N. Even in the north-west, however, some species con-

tinue to be found in small numbers in the cold season in the
adult stage. True hibernation of adults has been recorded
only in the case of A. superpictiis in the Quetta area. The
development of larvae is much delayed, and some species

pass the cold weather mainly in this stage (wintering of
larva). Actual hibernation of larvae in or under ice is not
recorded in India, but Davys, at Quetta, records larvae,

obtained by warming frozen mud, which were believed to
have come from eggs.

Altitude as such, up to several thousand feet, does not
usually affect the occurrence of species beyond somewhat
changing the physical character of breeding places. Most
species of the Indian plains have been recorded up to
considerable altitudes, but not as a rule above 5,000 or
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6,000 feet. Hill-species may occur up to 8,000 feet or more,
whilst the alpine form A. gigas has been recorded from
the borders of Tibet at 11,000 feet, where Dr. Strickland

observed it attempting to feed.

Relation to Malabia.

The data regarding the part played in malaria transmission
by the species on the Indian fiat wiU be found fully set out
in Covell's memoir and subsequent paper, from which sources

all information on infectivity given in this volume has been
taken. The following list shows the position regarding
malaria-carrying species in the Indian area. Further par-

ticulars will be found under the different species in the
systematic part of this work.

1. Important carriers wherever found :

—

A. culicifacien. A. fluviatilis.

A. stephenai. A. mmdaicus.
A. minimus.

2. Less important but proved carriers in some areas :—
A. varuna. A. pMlippinensis.

3. Species that are important carriers in other countries

but of too limited distribution to be important in India.

A. superpictua. A. multicolor.

4. Species that have been found infected in nature or experi-

mentally within or without tlie area, but which are

probably not of importance as carriers :

—

a. Found infected in nature in Indian area :

—

A. maculatUH. A. macuHpalpis.
A. maculatus var. willmori. A. pallidux.

A . fuliginosus. A. ramsayi.
A. puhhe.rrimus. A. vagus.

b. Infected oxjierimentally only in Indian area :

—

A. theobaldi. A. subpictus.

A. turkhudi.

c. Found infected in nature outside Indian area only :

—

A. hyrcanus. A. urnbromis.

A. b(irbirosin.9. A. tessellatus.

A. karwari. A. aconitus.

A. levicosphyrus. A. kochi.

A. nergenti.

The extremely common species A. subpictus and A. vagus

appear to have Uttle or no relation to the incidence of malaria.
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VII. TECHNIQUE.

Collection.

Anophelini are very commonly obtained by rearing from
the larva. It is well to collect especially pupse and full-

grown larvse, as these give larger and finer specimens as

a rule than are obtained by breeding out from younger larvse

in the laboratory.

In a small accessible breeding place, stir up the water
to make it muddy and to wash out larvse from shelter ;

the larvse will be observed moving on the surface in their

characteristic manner, and can be removed with a spoon.

A cup held in the loft hand is useful to collect a number of

larvse, which, after the excess of water has been poured off, are

transferred to tubes. Tubes (corked specimen tubes, 3"xl")
are conveniently carried in a small wooden box tied up
in a handkerchief, so that it can be carried about readily.

Larvse can be transported long distances in such tubes with
moderate precautions ; larger vessels usually lead to the
larvae being killed by the shaking. Larvae are often

collected by " dipping " with a white-bottomed dish or

saucepan, which can be attached to a stick ; or a muslin
net is pushed through water in likely spots and inverted

into a dish of water. Such methods are usually only necessary

where the breeding place is less accessible. Eggs may be col-

lected in some circumstances by covering the hand with a

muslin bag and swooping through the water in likely spots, or

pouring water through the muslin and examining with a lens *.

Anophelini are also commonly captured as adults whilst

resting during the day (see section on " Bionomics "). They
are usually found on the upper parts of the room or on the

ceiling. When occtirring, as they often do, among thatch,

they are difficult to find until disturbed, when they may
be caught on the wing with a small hand-net, or their position

on settling noted for capture. When seen, capture by placing

a test tube slowly over them. Various mechanical devices

for facilitating capture of numbers of specimens have been
employed, but for the entomologist the use of tubes,

preferably one per mosquito, is probably the most satisfactory.

Wild species are to be caught in the jungle by sitting quietly

and capturing any specimens which settle in an attempt
to feed. At night Anopheles may often be found sitting near
an illuminated patch of wall or captured on an illuminated

sheet, etc.

A method recently employed by Barber in Macedonia (Haokett,
private communication).
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Males are best obtained by rearing, as they are not so

frequently found in houses and do not feed on animals ;

sometimes they may be taken in the open with a net while
" swarming."

Reabing.

In the laboratory larva; and pupse collected in the field

should be emptied out into dishes and the pupaj removed
with a spoon or pipette to jars covered with mosquito-netting.

Only a small depth of water is necessary in the jar, and
some grass clipped with scissors into short lengths helps to

distribute the pup® and to give foothold to the emerging
mosq\iitoes ; or pupa> may be placed with some chopped
grass in dishes, and allowed to hatch out in small nets,

which latter may be made by binding together some squares
of wire to make a frame, and covering with a bag of mosquito-
netting, the mouth of the bag forming a sleeve (fig. 13, 1).

The larva> should be placed in open dishes, preferably in a

good light or direct sunlight, until they pupate ; if small,

they should be dealt with as described below.

Anophelines to be bred out from the egg or from very
early larval stages thrive best in uncovered large petri

dishes (12"). These are filled with water, a small wad from
a stock of Spirogyra added, and a small grass-tuft with roots

placed in the middle.

To obtain eggs, select some fully gravid females and transfer

each to a small lamp-glass, of which the upper end is tied

over with netting and the lower end placed over a small

cylindrical dish nearly fitting the bottom of the lamp-glass,

and containing wateir in which is floating a paraffin- coated

cork ring (fig. 13). The cork ring should be of such a size

that it is held by the meniscus ; this greatly facilitates

examination of the eggs in situ under the microscope.

A piece of paper or cardboard placed in the lamp-glass gives

foothold to the mosquito *. The eggs can be transferred

en bloc to a large petri dish as described above for breeding out.

Killing and Mounting.

After hatching, anophelines should be left as long as possible

to harden before killing and mounting ; if left overnight,

* Or use a wide-mouthed stoppered bottle with a hollow flat-topped
stopper. A piece of card is thrust in the inverted bottle and the stopper
filled with water in which a pcuraffined cork ring is floated.

Several fenlales are said by Perry to lay more readily than one
(private communication). Shute has found that a fully gravid female
may be induced to lay by the following method :—Pla«e in a thin test-

tube and sharply tap the tube against the base of the thumb about
eight times, stunning the insect ; gently remove a wing, and transfer

iiuseot to water as above.
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however, especially in a tube or jar, thoy badly rub the tips

of their wings.

When hatched in a jar, the mosquitoes are removed

by placing another jar upside-down over the breeding-out

jar, shpping out the netting cover, and allowing any mosquitoes

there may be to fly into the upper jar ; facing towards the

Fig. 13.

Frame formed of wire squares, bound together, covered with mosquito
net bag, for breeding-out mosquitoes. 2. Rack for holding
specimen tubes for isolating laxvee, etc. 8. Large petri dish
aa used for breeding from the egg or young larva. 4. Lamp-glass
prepared for obtaining eggs ; below is shown the small glass
vessel with para£Bned cork ring. B. Prepared mosquito tube,
showing position of cork strq>, etc. 6. Method of holding pin
when pinning mosquito. 7. Mosquito forceps used in the Malaria
Survey of India.
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light facilitates this. Two pieces of cardboard are then
inserted between the jars, the upper jar removed with the
upper sheet of cardboard, and the lower, temporarily protected

by the lower sheet, again tied over with netting. When the
mosquitoes are to be killed, the cardboard on the upper jar

is replaced with a piece of cardboard having a hole plugged
with wool, on which chloroform is dropped.

If hatched into a net, the mosquitoes are first collected

in test tubes and either killed in these or transferred

for killing to a jar. To transfer, use a cardboard sheet over

the jar, with a hole plugged with wool, insert the tubes, and
shake or allow the mosquito to fly out, or a hole may be made
in netting tied over the jar.

To kill, pour a few drops on the wool plug of a test tube,

or a fairly large quantity in the case of a jar. An excess

of chloroform may distort and stiffen the legs and wings
and make mounting less easy. The anophelines should
die so that, when turned out, they lie with legs and wings
extended. It is a good plan, as a routine after mounting,
to replace the specimens for a time in a jar containing
chloroform-vapour to ensure death. All glass vessels used
should be free from dust.

Turn out the dead mosquitoes on to a piece of paper or

Bristol-board. If it is not already in this position, turn an
insect on its back and insert a fine pin (Taylor's no. 3 double -

pointed nickel *) in the middle point between the coxae

where these all lie close together ventrally. The pin is best

held strictly at right angles in a blunt-nosed forceps t,

and inserted as nearly as possible vertically downwards
until it just meets the Bristol-board ; there is no advantage
in pushing the pin in further. Retaining hold of the pin

with the forceps, and using the other point, set the specimen
in its place on the labelled cork strip of a mosquito tube,

previously papered as described below, if necessary giving

a touch to the wings so as to spread them. Care should be

taken in the original pinning, chiefly because, if the pin is

well placed, a good subsequent display of the insect follows

automatically.

For collecting in the field, "prepared mosquito tubes"
should always be used. These are made from corked specimen
tubes, S'X 1", with good selected corks. The cork has a small

* Nickel pins should be used if obtainable, as silvered pins corrode

in time and spoil the specimen. In place of nickel pins stainless

steel pins may be used (no. 1 stainless stoel points, obtainable from
W. H. Janson & Son, 48 Great Russell Street, London, W. 1).

t Preferable to the ordinary entomological forceps for mosquito work
is a bltmt-nosed straight forceps usually known in India as " mosquito
forceps " (fig. 13, 7).



72 ANOPHELIKl.

wedge cut out at one side to prevent the tube, when corked,

being completely sealed, a condition which greatly favours

mould. On the cork is pinned, as shown in fig. 13, a strip,

3"x|", of papered cork* ; this should bo pinned on the

bottom a little towards one side of the cork. It should

be held whilst being pinned slightly slanting outwards,
so that it hes, when inserted, close to the glass. A single

pin is used, pushed iu by the fiat end of a pencil, and gives

ample support if properly inserted ; two pins make it difficult

to remove the strip later when required. In order to guard
against curling of the cork strip (with consequent damage
to the mosquitoes by pressure against the sides of the tube),

it may be desirable to insert a strong pin at right angles

to the cork at the end of the strip, this pin being cut to the

length of the internal diameter of the tube. A tube should

hold ten or more mosquitoes. After mounting the mosquitoes,
a little plug of wool is loosely inserted into the wedge-
shaped cut in the cork and, if in a damp climate, a drop
of pure liquid carbolic is placed on th(5 wool. The tube
is finally wrapped in a piece of wool, 5"X 4", secured by a twist

of the thumb and first finger round the tube.

In the laboratory the cork strips are removed from the

tubes and pinned in the collection. When finally examined,
any specimens desired are removed and transieired to other

cork strips or, if to be mounted singly, to small individual

strips of papered cork, ^/'X}", transfixed at one end by
a pin (Taylor's no. 16 silvered). Celluloid is sometimes used
for mounting, but is in several ways less convenient for

working purposes than papered cork. The size given for

the small strips is that found by experience necessary to give

protection from the fingers, etc., when handling without
a redundant quantity of mount.
A cabinet should always be used where possible. The

corked surface of each drawer should be wiped over with
pure creosote (ex beechwood) and allowed to remain, with
occasional opening of the drawer, until the creosote no longer
gives a cloud on the glass. Some crushed naphthaline should
be placed in the dust-trap space provided around the drawer.
If celluloid has been used for mounting, naphthaline alone
may be used as a preservative, for celluloid becomes badly
discoloured and curls up in creosote vapour.
To examine a mounted anopheline, place a convenient-

eized piece of papered cork on the stage of a binocular dis-

* To paper cork, paste thin white paper on both sides and allow to dry
under a board with a weight ; the cork is cut to the measurements
required with a sharp tliin knife. The cork dieet should be of a good
thickness, say i".
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Becting microscope and have handy a spare cork (the cork

of a specimen tube serves excellently). Transfer the specimen
to be examined on its mount to the cork sheet and use the

cork when the parts to be examined are not easily displayed

otherwise. Suitable powers for examining are 52 mm. focus

(low) and 25 mm. focus (high) with a no. 3 eyo})iece. Scales

may sometimes be examined at a higher magnification under
the ordinary microscope ; they are usually better seen in

potash preparations of the parts mounted and stained.

Examination and Peesebvation of Labv.® and Pur^.

For whole larvae, mount, fixed or living, from water
in Gater's fluid *. To preserve larvae, fix in Blos's fluid

(formalin 7 ; glacial acetic 3 ; 70 per cent, alcohol 90

;

use withm a few days) and after 24 hours transfer to 75 per

cent, alcohol. To kill larvae with the palmate hairs displayed,

cover the dish containing them with filter-paper wetted with
formahn and leave undisturbed for a time ; when dead,
mix a httle formalin with the water and leave larvae still

floating at the surface to harden somewhat. Plact; the speci-

mens in small tubes and keep as described below for larval

skins.

For systematic work it is usual to employ the cast skin

of the fourth instar larva, of which the pupal skin and the

adult have also been preserved. Isolate a number of full-

grown larvae in specimen tubes in a rackf. As each pupates,

remove the larval skin by means of a needle or strip of Bristol-

board to a small tube of 75 per cent, alcohol. Later add the

corresponding pupal skin with the necessary label and mount
the adult. For labelling, sheets of consecutive numbers
obtainable from dealers may be used. The small tubes

containing the larval and pupal skin (specimen tubes, 2"X^')
are completely filled with the alcohol, and a cork, made with

* Pun gives the following modification of Gater's adaptation
of Berlese's fluid as the most satisfactory :

—

Water 10 c.c.

Gum acacia (picked) 8 g.

Chloral hydrate 70 g.

Glycerine 5 c.c.

Acid acetic (glacial) 3 c.c.

The ingredients are dissolved in a water bath (at about 80° C.)

in the order named, and the fluid passed through three or four thick-

nesses of olean muslin. Larvse are mounted d&ectly from water and
the preparation ringed, when set, in 6 to 24 hours.

t A rack to hold a number of specimen tubes as shown in the figure

is useful for this and other purposes.
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a cork-borer from pith, wetted with alcohol and pressed in
;

the tubes are then stored in 75 per cent, alcohol in Kilner
jars.

Larval skins should he mounted in chloral gum (De Faure's

fluid) *. The skin is washed in two (shanges of water treated

with 10 per cent, potash for about an hour, and washed
again in throe changes of water. With a pair of line needles |
work through the skin along the mid-hno ventraUy, make
a cut at each shoulder, remove any particles of dirt with
a fine brush (no. 0), and spread out the akin on the slide for

mounting. If passed through alcohols to 70 per cent, and
the skin, spread out on the slide and just about to dry,

treated with a drop of 90 per cent, alcohol, it becomes flattened

and adheres to the shdo ; if carefully separated and mounted
as a section excellent flattened preparations displaying

the hairs are obtained.

For pupa^ the abdominal segments should be separated
from the head and thorax and mounted on the flat ; the

remaining portion is readily opened out sideways, and also

mounted on the flat.

Examination and Pbeseevation of Eggs.

Eggs can be examined floating as laid within the paraffined

cork ring or, after removal, on a strip of blotting paper placed
on a slide and kept moist by adding a drop or two of water
from time to time with a pijwtte. When the floats (in sunk
or preserved eggs) are filled with fluid and do not show,
they may be displayed by letting the eggs dry a little on the
damp blotting-paper. A good light for examining eggs is

a beam from a point-o'-light lamp passed through ground
glass to diffract the light.

Eggs can l>e preserved by removing them on a strip of

blotting-paper from the water and placing the strip in a
specimen tube, the cork of which has been shut down
on a piece of filter-paper wet with formalin.

* Puri notes that Langeron (1921, p. 492) has given the formula
of this mounting medium under " Gomme au chloral," and that
Inrnis (1029) has recently described it as " De Faure's fluid." Its
oomposition is as follows :

—

Gum arable (picked)" 30 g.
Chloral hydrate 60 g.
Glycerine 20 g.
Distilled water" 50 c.c.

Chloral hydrate of cocaine 0-5 g.

Filter after mixing these ingredients. Chloral hydrate of cocaine
is not neoeasary when dealing with larval moults or fixed specimens,

t For remarks on needles, see footnote () on p. 76.



TBOHNIQtTB. 75

Dissection and Peeparation of Pabts.

ChcBtotaxy and General Structure.—Drop the mounted
specimen * on its pin for 15 minutes to half an hour into 90

per cent, alcohol and transfer to 10 per cent, caustic potash
overnight (or longer if temperature is very low). Remove
to distilled water and allow to remain, with at least one
change of water for 12 hours or more f- Transfer to water
in a glass cell to which 1-4 drops of a saturated solution

of fuchsin in water has been added ; leave overnight. Or stain

more rapidly in a drop of the strong stain. Pass through
alcohols (30, 50, 70, 90) to absolute and leave in tliis until

the desired amount of stain has been taken out. Transfer

to amyl alcohol (or carbol xylol=xylol 4, absolute phenol 1)

and thence to xylol. Transfer to sUde J, add some drops
of Canada balsam, arrange parts, and allow balsam to harden
somewhat ; mount, after adding a drop of fresh balsam, under
a cover-glass supported by strips cut from a thin glass sUde §.

The chajtotaxy and a great many other details can be studied.

Rather faintly stained specimens are, perhaps, the best. The
mesonotum and prothorax may advantageously be dissected

o£E and mounted separately, the former showing the scales

well and the latter the propleural hairs. Oil of cloves may
be used where the part is to be studied carefully under the

* This refers to the dry specimen. Fresh speeiineiis may be used,

but are sometimes not so well acted upon by the potash. Placing
first ill 90 per cent, alcohol does away with the difficulty sometimes
encountered where the specimen (possibly due to traces of creosote
or naphthaline) is not readily wetted in the potash.

t Presence of alkali prevents proper staining by fuchsin.

X A narrow section -lifter or strip of Bristol-board is useful for this

puipose.

§ The following simpler method of preparation of balsam mounts
of adult mosquitoes is used by Dr. F. W. Edwards :—Place the dry
specimen (either whole on its pin, as noted above, or the tip of the
abdomen, if only the hypopygium is to be examined) into a small
quantity of 10-15 per cent, caustic potash in a small tube. Place
the tube in an outer vessel containing water, and just bring to the boil.

Pour out the potash, with the specimen, into a watch-glass. Transfer
specimen at once (with needles or Bristol-board as described) to

a second watch-glass containing glacial acetic acid, to which has been
added 1-2 drops of Ziehl's carbolic fuchsin. After 5-10 minutes
(more or less, up to somie hours, according to depth of stain required)

transfer to a third watch-glass containing clove-oil. Mount in xylol

balsam as described above. The whole of these operations can be
completed in 15 minutes.

Instead of glass slides, staskM strips of celluloid, about •5" x -2",

can be used (with or without a tiny glass coverslip) for mounting
dissections, the advantage of this method being that the mount can
be transfixed on the same pin caiTying the remainder of the dry
specimen. In either case it is most important to arrange the parts

very carefully in the least possible quantity of rather thin balsam,

and to allow this to harden before covering with more balsam.
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microscope in the unmounted condition, as currents are

not set up as is the case with xylol.

Head-parts.—Detach a female head and proceed, as in the

last section, to xylol. Transfer to shde and add a drop
of Canada balsam. The balsam should bo of the correct

consistency—if too thin it spreads rapidly away from the

specimen ; if too thick it does not spread at all. Fixing

the nape with one needle *, use the other to break through
the connections at the base of the frons-clypeus, separating

the bases of the antennae from this structure. Drag off the

frons-clypeus and the parts that come with it (uicluding

the pharynx and, usually, the oesophageal pump, if not

accidentally detached). Detach in one piece, with a little

gentle dissection, the labium and the two attached palps,

and display these on the fiat. Witli the two needles work
so as to cut through the eyes and to detach the i'ront portion

of the vertex with the bases of the anteniw, so as to display

the interocular space. (Jut through the labrum and other

parts near the frons-clypeus and remove the frons-clypeus

(witli the pharynx) to a fresh drop of balsam on another slide.

Arrange the parts, including the maxilla> and mandibles,
on original slide, allow to harden f, and mount, with fresh drop,

under cover. Such a preparation gives material for study
of the palps, the interocular space, the head-scales, mandibles,

and maxillae, etc.

On the second shde detach, if still adhering, the oesophageal

pump and, placing one needle in the hollow of the frons-

clypeus, work to cut through the chitin at the side of the

latter structure, which hnks this to the pharynx. Arrange
the pharynx on the flat and place preparation aside to

harden somewhat before mounting. This serves to show the
general characters of the pharynx and the number of armature
teeth, etc.

* The nioBt suitable needles for dissection, and especially for the
dissection of the pharynx and hypopygium, are no. 16 sharps (obtain-
able in quantities of about a gross specially made to order by Kirby,
Beard & Co., 7 Watling Street, E.C. 4 ; or no. 14 may be obtained
ready made). These are broken ofl to about }' and sunk up to J"
or less of the point in handles made from some soft wood (a match-
stalk will do), which, after inserting the needle, is sharpened like
a pencil towards the needle-point. The needle is then sharpened on
a small hypodermic-needle hone (corundum). For this the end of the
holder should be suitably marked, so that the needle can be ground
in two fixed planes to a sharp-pointed lemcet-like end. Aftar use with
Gater's fluid the point of the needle should be washed, dried, and
dipped in balsam to prevent corrosion and rust. For very fine dissection
the finest of steel entomological pins (if obtainable. German Minuten-
Stiften, no. 000) may be used, movmted in match-stalks ; it is sometimes
an advantage to bend over the point of one pin, to moke a small hook.

t Otherwise pieces tend to be carried away by currents in the balsam
when mounted.
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Pharyngeal Armature.—Proceed as above, but with the
pharynx isolated in balsam on the slide cut off the pos-
terior end carrying the armature. Remove the small bit

left of the posterior hard palate (which tends otherwise
to obscure the armature) and the lateral flanges, leaving
as much as possible of the pharyngeal bar and its teeth.

With the needles spread out the balsam away from the oliject

(examined until the piece of armature is left lying quite flat

in a thin layer of balsam. Allow to harden and mount.
Focus through different levels to determine the characters

of the cones and rods. Separate preparations showing the

dorsal and ventral aspects uppt^rraost are desirable.

For isolated pharyngeal teeth pro(X)ed as above but, holding

the pharynx with one needle, remove the posterior hard
palate and jab repeatedly at the fringe of armature teeth

until some are seen detached and floating in the balsam.
It is nee^wsary to have the balsam exactly of the right

consistency and to keep the parts, whilst under manipulation,
in the centre of the balsam area *, which should bo spread
out to the best working thickness by working out with a needle

the edge of the balsara-(irop. Allow to harden, remove
any thickened rim of balsam, if present, and mount with
sufficient balsrim to run rapidly over the cover-glass area|.

Look for isolated rods or cones with a low power, and turn
on the carefully centred high power with a low eyepiece

and increase eyepiece magnification as required. When
found, rotate the rod or cone by pressing against the edge
of the cover-glass to obtain different views. The preparation

should be deeply stained.

Wing.—Detach wing under a binocular and allow to drop
into xylol. Remove with a small spoon to slide with excess

of xylol. If right side up, drain off xylol and mount ; if not

right side up, return to xylol pot and repeat. The trouble

otherwise is the retention of large air-bubbles in the hollow of

the wing.

Male Ungues.—Proceed as for Canada balsam preparation,

staining lightly. Mount both tarsi, inner and outer surface

respectively, uppermost. Arrange claw on flat by drawing

away, and so thinning down the balsam in its neighbourhood,

with the needle. Allow to harden ; mount.

Male Hypopygium.—Place the mosquito for half an hour

in a covered jar with some damp wool. Under a binocular

snip off the last few segments of the abdomen and allow to fall

into 90 per cent, alcohol ; transfer, after 15 minutes, to 10 per

• To prevent the minute particles being carried away by ciirrents

in the balsam.

t All these points are important, for various reasons.
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cent, potash. Proceed as under " Chsetotaxy and General
Structure," or mount direct from water in chloral-gum *.

For balsam preparations of the whole hypopygium, detach
the hypopygium on the slide in balsam from the remaining
portion of abdomen and, inserting noodles within the ninth

ring at the sides of the anal lobe, tear off, complete if possible,

the ninth segment with the anal lobe ; arrange these parts

for examination. Arrange the coxites dorsal aspect upper-
most and pull apart the styles. Mount, protected by slips

of cover-glass on either side.

For balsam preparations of the separate parts proce<id

as above, but detach the phallosome and the two harpagines.

Thin down the balsam by spreading this out with a needle

until the parts are seen to be suitably oriented in a thin layer

of balsam ; allow to harden and mount.
For leaflets (also for good preparations of the harpago

and parts generally) dissect from water in Gator's fluid.

Separate off, as described, the ninth ring and, placing a needle

on each coxit«, pull gently apart. This usually splits the

phallosome into two lengthways, a half being left attached
to each coxite. Detach in turn the two halves of the phallo-

some from the coxites and transfer each on the needle to

a fresh drop of Gator ; cover. Examine under a moderate
power and press with a forceps or stout needle on the cover-

glass over the portion of phallosome until it is seen that the

leaflets have been suitably spread out. On the original

slide detach the harpagines and arrange the parabasal spines,

etc. It is not necessary to stain the preparation.

Female Hypopygium.—As for the male hypopygium ; then
remove the tergites, leaving the 8th starnite attached. Nick
sigma at sides and display preparation in thinned-down layer

of Canada balsam, or dissect in chloral-gum.

Dissection fob Malaeial Oocysts and Sporozoites.

After capture, keep mosquitoes in original tost tubes,

aftor damping the plugs (or place in suitable lamp-jar or cage),

until they have fully digested any blood they may contain

(usually about 48 hours in the tropics) |. This can be seen
by the entire disappearance of the black area of digesting

blood ventrally on the abdomen. Kill or stun the mosquito
by a blow of the test tube on the hand or with a little chloro-

form vapour, and place mosquito on sahne in a covered watch-
glass. To dissect, remove wings and legs and place body
on drop of saline on slide under a dissecting microscope.

* For composition of chloral-gum, see technique for larva.

t The glands can be dissected at once, but even a trace of blood
makes dissection for oocysts difficult.
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Turn mosquito on its side .and cut through the thorax rather

far back, replacing in the saline whichever portion is not
being immediately dissected.

Olands.—Place a stout, suitably-mounted needle *, held

in the loft hand, in cut part of thorax to hold this and, with
the other needle placed across the neck, pull away the head
with the glands. Without letting go with the right-hand

needle, cut down and sever the glands from the head. See,

under low power, that the glands have been obtained and,

if so, remove any excess tissue and cover. If not, try for these

in the tissue of the thorax near the torn-off neck. Crush and
examine under ^ and ^^ for sporozoites.

Mid-gut.—-Place the portion of thorax with abdomen
on drop of sahne. Fix thorax with one needle and, turning

the abdomen ventral side uppermost, nick on either side

so as partially to separate the last two segments or so. Placing
the noodle on these partially separated segments, drag them
slowly away from the rest of the abdomen and observe the
intestine and white Malpighian tubules, followed by the
transparent mid-gut, leaving the abdomen. When the mid-
gut entirely .slips free, and before it shrinks together,

cut away the intestine and tubules, clear up debris, and mount,
if necessary with a clean drop of saline. A fair quantity
of saUne should be used and the gut flattened by removing
excess fluid, if necessary with filter-paper, until it appears
as a transparent flattened sac. Examine midor I and j^ for

oocysts in the tracheal layer.

In all cases it is imjjortant to arrange the background,
when dissecting, to show up the parts suitably. Usually
an opal plate or white mirror gives the best differentiation.

Outfit used for collecting A xoi^iieles f
(adults, larval skins, and eggs).

1 oz. double-pointed pins J.

72 specimen tubes, corked, 3 " x 1 " (prepared for mounting) %.

72 ,, ,, ,, (unprepared).

3 sheets cork composition, papered both sides J (for extra
tubes).

* The needles for this purpose should bo stout, nos. 6 or 7, embedded
to half an inch or less from the point to give rigidity. A special spear-
pointed needle has been designed by Shute, and is obtainable from
Messrs. Baird and Tatlock, 14 Cross Street, Hatton Garden, E.G. 1.

f This outfit was used by the author on collecting expeditions in

India and in the Canary Is. If much collecting is to be done the
quantities indicated should be increased, extra photo dishes, tubes,
frames and nets being especially advisable,

X See pp. 71, 72.
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1 packet domestic pins (for making extra tubes).

6 small enamel photographic dishes, 8"x6' (or smaller).

2 wire frames, consisting each of fi wire squares, 12" sides,

to be tied together to make frame.

2 bags of mosquito netting to fit over frames, leaving

(mough to form longish sleeve.

3 jars, say 5" tall by 4" wide, with rim for breeding-out
special pupae (one always required for taking off

adults for chloroforming). Or use some of next item.
f] wide-mouthed bottles with flat hollow stopper, about

8 oz. cap. Simplest for obtaining eggs if lamp-glasses,

etc., not available ; can also be used for jars to breed out.

100 small specimen tubes, 2"^
J", without corks.

100 pith corks, cut with cork-borer for same. These are

wetted in the spirit before inserting after the tube
has been filled to the top. The corks should, when
dry, be larger than the tube-opening, and are readily

compressed as they are pushed in with the forceps.

3 Kilner jars, filled with 70 per cent, alcohol.

2 lb. extra alcohol.

6 wooden racks, as figured, to hold row of specimen tubes
when obtaining larval skins.

6 tin spoons, desert-spoon size, for collecting, etc.

2 enamel cups.

2 small wooden boxes to hold 8 tubes when collecting.

2 handkerchiefs or dusters for carrying outfit.

1 small net for capturing adults, in jungle or houses, on the
wing, and for occasional use in water; or a stouter

net may be taken for latter purpose.

2 forceps, blunt-nosed pattern, for mounting.

1 scissors, for cutting strips, etc.

1 sharp, thin scalpel, for cutting corks and cork sheet, etc.

6 pieces Bristol-board, 5* X 3" ; used for turning out adults

on when pinning ; also in strips for removing skins

from tubes, etc.

1 lb. wool ; used in packing, to save space.

2 yards muslin or mosquito netting.

2 hanks tape.

1 lb. chloroform.

1 oz. carbolic acid, liquid.

2 oz. formalin, for preserving eggs (eggs on blotting-paper

placed in good corked tube, and a drop of formalin
on a small piece of blotting-paper added before sealing^.

1 packet filter-paper, 3', for above purpose.

1 box to hold above, conveniently partitioned ; sketch
gives the pattern used in India, but it could probably
be more specially adapted to collecting-outfit.
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PART II.~KEYS.

KEYS FOR SPECIES OF ANOPHELES RECORDED
FROM THE INDIAN AREA*.

A. Adults.
1. Winga entirely without pale markings. ... 2.

Wings with pale markings 4.

2. Hind femur with distinct white knee-spots
at distal end barianensis, p. 117.

[pinjaurensis, p. 110.

Hind femur not so 3. [florum, p. Ill;
3. Head-suales very narrow, rod-like f aitkeni,p. 103 ; insulm-

[sintoni, p. 116.

Head-scales of ordinary type J culiciformis, p. Ill

;

4. Tip of hind tarsus not white § 5.

Tip of hind tarsus white 26.

5. Less than four dark areas on costa, in-

volving both the costa and vein 1 . . . . 6.

At least four dark areas on oosta of this

character 11.

6. Hind femur with outstanding tuft of black
and white scales at its distal end annandalei, p. 139.

Hind femur not so 7.

7. Hind femur with a broad white band .... Undesayi, p. 123.

Hind femur not so 8.

8. Inner quarter of costa pale gigas, p. 130.

Inner quarter of costa mainly dark, though
there may be scattered pale scales .... 9.

9. Palpi with distinct pale markings ; clypeus
with a tuft of black scales at side

||
... hyrcanua, p. 145.

Palpi without distinct pale markings 10.

10. Female with tiift of scales on ventral aspect
of seventh abdominal segment ; inner
third or quarter of costa with scattered
pale scales ||

barbirostris, p. 155.

Female without such a tuft ; inner third

of costa without scattered pale scales || . umbrosua, p. 162.

11. Tarsus of front legs with broad pale bands H 12.

Tarsus of front legs unhanded or with only
very narrow bands 15.

12. Femora and tibiae not speckled 13.

Femora and tibiae specWed 14.

* For varieties, see under respective species name in Part III.

t These three species only to be distinguished with certainty on larval

or male genitalio characters.

J These two species only to be distingtdshed with certainty on larval

or male gen italic characters.

§ In j4. leiKosphyrus only the extreme tip is white, and in A. kocM
and A. tessettatus only half of the terminal segment is white.

II
For distinctions from closely related jtpecies not yet recorded from

the Indian area, see,.under species ne^me in Part III.

iy If .4. leticosphynu or A. teaaellcUus have not been detected a»
having the tips of the tarsus white, they will oome into this group, and
may 1^ recognized by having more than three dark spots on vein 6.

DIPT.—VOL. rv. G
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13. Palpi of female with the dark preapical

area equal to, or nearly equal to, the
pale apical band * subpictus, p. 23 1.

Palpi of the female with the dark preapical

area half, or less than half, the length

of the pale apical band * vagus, p. 241.

14. With two broad apical bands and one
narrow, more basal, band on female
palpi ; thorax with broad scales atephensi, p. 273.

With apical band only broad ; thoi'ax not
covered with broad scales suiuiaicus, p. 245.

15. Thorax with obvious scales 16.

Thorax with hairs or hair-liko scales only. 19.

16. Tip of female palpi dark ; fossa in both
sexes covered with scales. N.W.F. only, multicolor, t;). 2!il

.

Tip of female palpi pale ; fossa not covered
with scales 17.

17. Tarsi with narrow but distinct white apical

bands 18.

Tarsal bauds absent or indistinct, and not
white. N.W.F. only supcrpictu^, p. 264.

18. A line of overlapping broad white scales

at side of thorax in front of level of wing-
roots t moghidenait, p. 270.

Without such a line of scales ; scaling con-
fined to median area of dorsum of thorax jeyporiensis, p. 220.

19. Spotting of wing confined to costa and
vein 1 only ; head-scales narrow, rod-
like. N.W.F. only dtfuUi, p. 188.

Wing-field with the usual pale spots ; head-
scales of ordinary type 20.

20. Female palpi with pale tip ; male palpi

with distinct pale tip, or at least without
dark hairs at tip, and without exten-
sive pale area on shaft 21

Female palpi with dark tip ; male palpi

with indistinctly pale tip and dark
hairs; an extensive pale area on shaft . turkhtidi, p. 252.

21. Female palpi with the two apical pale
bands as broad as, or broader than,
intervening dark area 22.

Female palpi with subapical pale band
narrow, intervening dark area much
broader 24.

22. Fringe-spot present at vein 6 ; apical half

of proboscis pale f aconitug, p. 216.

No fringe-spots at vein 6
;
proboscis dark,

or apical half pale in certain lights only. 23.

23. Basal third of costa uninterruptedly dark,
without trace of pale interruption

—

even a pale scale or two ; outer half of

proboscis faintly or more markedly
pale in certain lights X varuna, p. 214.

* It is at present Impossible to distinguish the males of these speoiea
with certainty ; see remarks on identification under name of species
in Part IH.

t For further points of distinction, see Part III.

% For guidance in identification of these forms, see note on iden-
tification under A. fltmtUUia in Part III.
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Basal third of costa with a pale inter-

ruption, however small ; proboscis with
apical half dark, except sometimes with
a small pale area ventrally * mimmus, p. 209.

24. Fringe-spots well marked at all veins
but 6 ; some erect pale scales on front

of thorax ; vein 1 at base of wing
internal to inner dark costal spot pale . 25.

Fringe-spota at one or two veins only,

except rarely ; no pale scales, or very
few, on front of thorax. Vein 1 at base
of wing internal to inner dark costal

spot with dark spot cuUciJacks, p. 197.

25. Third vein usually extensively pale

;

thorax with median area markedly
paler than dark sides ; frontal tuft

conspicuous fluviatilis, p. 203.

Third vein all dark, or with only a pale
spot ; thorax uniformly coloured

;

frontal tuft poorly developed. N.W.F.
only sergenti, p. li)3.

26. Tarsi with only one segment, or less, white
;

commonly with broad white bands
above this 27.

Tarsi with a continuous white area,

embracing at least the two terminal
segments 32.

27. Femora and tibiae not speckled 28.

Femora and tibiae speckled 29.

28. Female palpi with two broad apical bands
and one narrow band near these, in

addition to usual more basal band t- • • karwari, p. 288.

Female palpi with two broad apical bands
and usual more basal narrow band
only t majidi, p. 226.

29. Sixth vein with not more than three dark
spots 30.

Sixth vein with more than three dark spots. 3 1

.

30. Abdomen with row of conspicuous black
scale-tufts on ventral surface, clearly

visible, on lateral view, to naked eye

;

female palpi with four broad pale bands, kocki, p. 172.
Abdomen not so ; female palpi with usual

three bands, with or without speckling, macukitus, p. 278.

31. Tibio-tarsal joint of hind leg with broad
conspicuous white band leiccoaphyrus, p. 177.

Tibio-tarsal joint of hind leg without such
a band tessellatus, p. 182.

32. Femora and tibiae not speckled 33.

Femora and tibiae speckled 35.

33. 3J segments coutinuougly white ; abdomen
heavily clothed with broad scales,

which form projecting tufts on all

segments pidcherrimus, p. 311.

* For guidance in identification of these forms, see note on iden-
tification under A. fluviatilis in Part III.

f For differentiation of males, see under species in Part III.

g2
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3i or less segments continuously white ;

abdomen with at most rather narrow
scales not forming tufts, except on last

few segments 34.

34. Vein 5 maiijy dark, or with at least a liark

spot about the middle near origin of

branch annularis, p. 300.

Vein 5, except at base and apox, con- [philippinensis, p. 307.

tinuously pale * paUidus, p. 309

;

35. Hind tarsi with two segments only com-
pletely white titeobaldi, p. 287.

Hind tarsi with three segments completely
white 36.

36. Female palpi with two broad apical pale
bands and conspicuous speckling ; male
palpi with shaft bandeii and spotted
with wliite splendidus, p. :i90.

Female palpi with one broad apical band
and two narrow bands without speck-
ling ; male palpi with shaft dark 37.

37. Dorsum of last two abdominal segments
clothed with golden hairs and scales ;

inner quarter and outer third of costa
chiefly pale jamesi, p. 29)

.

Dorsum of last two abdominal segments
not BO ; inner quarter and outer third of

costa chiefly dark ramsayi, p. 294.

B. FuLL-GEOWN Labvje. (After Puri) f-

(For contractions used, see p. xi)

1. to more or less approximated; distance
between their bases never more than
that between bases of ic and oc of

one side f ; anteiuxal hair usually
branched. (Subgen. Anopheles .) 2.

ic well separated; distance between their

bases about twice, or more than twice,

that between bases of ic and oc of one
side § ; antennal hair simple

i|
(Sub-

gen. Myzomyia.) 14.

* For differentiation of these two very similar forms, see under species
in Part III.

t Slightly modified, with author's and Government's permission,
from Health Bulletin, no. 16, Govt, of India, Central Publication
Branch, Calcutta, 1930. Larvae of all Indian anophelines have been
described except those of pinjaurensia.

X In aitkeni these distances are about equal, but the presence
of a branched antennal hair arising from the dorao-intemal surface
of the antenna at once indicates that the species belongs to this
subdivision.

§ In very rare cases these distanoes may be equal ; in such specimens
the presence of the minute simple antennal hair arising from the
dorao-external surface of the antenna, together unth the long feathered
frontal hairs, will show that the specimens come under this subdivision.

II
In very exceptional specimens this hair may be bifid or trifid.

In such cases its origin from the dorso-extemal surface of the antenna at
once distinguishes it from the similar hair of the subgenus Anopheles, in
which it is always internal in origin when branched.
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2. Antennal hair simple ou dorso-extemal
surface of antenna ; most frf)rital hairs

short and simple ; lateral hair on 1-VX
long (tree-hole breeders) 3.

Antennal hair bram^heil, arising from
internal surface of antenna ; frontal

hairs always long and branched ; long
lateral hair on I-V 7.

3. oc branched ; innermost pair of Jrontal

hairs fairly long but simple, outer pair
short, with 3-5 hr. ; suhantcnnal hair
very long and with only a few hr ;

body-integument covered with innumer-
able conspicuous minute recurved setas ;

outermost hair of the prothoracic sub-

median group often bifid ; fairly well-

developed palmate hair on metathorax ;

lateral hairs on IV- VI, long, stout, and
feathered '

. . . . 4.

oc simple ; body-integument not covered
with conspicuous setas 5.

4. Both the long pleural hairs on each side

of meso- and metathorax simple .... annandalei.
One long pleural hair on each side of meso- [ruptut.

and metathorax sparsely barbed annandalei var. inter-

6. Bases of jc not close together ; sub-
antennal hair minute ; all frontal hairs

very short and simple ; hair above and
below lateral hair on each abdominal
segment transformed into a stout tripar-

tie spine ; thoracic palmate hair not
differentiated ; lateral hair on III stout

and feathered, on IV-VI long and split

into 2-5 br barianensis.
Bases of ic close together, nearly touching

each other ; subantennal hair long and
stout ; hairs dorsal and ventral to
lateral hair not transformed into stout
tripartite spines ; thoracic palmate
hair fairly well developed 6.

6. Frontal hairs simple or with one or two
branches ; lateral hair on III-VI long,
with a few very fine short, barb-like
branches, subantennal hair club-shaped

;

innermost hair on ventral surface
of prothorax not spine-like culiciformis.

Frontal hairs short but featherofl, each
having 5-7 br. ; lateral hairs on III-
VI with long branches (or split)

;

subantennal hair splitting distally into

a number of branches ; innermost hair
on ventral surface of prothorax spine-

like, 4- to 7-partite sintoni.

7. oc simple, bifid, or with a few short primary
branches 8.

oc many-branched, forming a tuft II.

8. ic split about their middle into 2-5
br. ; banes not oloae together 9.

ic simple; bases nearly touching 10.
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9. ic split into two a little above the base . . . aitkeni.

ic split about their middle into 3-5 aitkeni var. bengaUnaii.
10. Fairly well-developed palmate hairs on

thorax and I-VII ; lateral hair on III

finer and with fewer branches tftan

those on 1 and II ; all clypeal hairs

simple, anterior rather stout, oc about

J length of ic ; filaments of ab-
dominal palmate hairs very poorly
dififorentiated instdceflorum.

Palmate hairs present on thorax and
II-VII ; lateral luiir on III like tliat on
1 and II ; all clypeal hairs simple

;

oc about half length of ic ; filaments
of abdominal palmate hairs well tiifTer- [nilgiricus.

entiated and fairly long lindesayi and its var.

Palmate hairs present on III-VIl

;

thoracic palmate hair not differentiated

;

oc and pc may bo branched V6.

Palmate iuiirs not differentiated on thorax
nor on any abdominal segment ; oc

splits into 0-11 aniXpc into 2 or 3 .... umbrosus.
11. is with branches arising near base 12.

is simple or with distal end split into \mus.
2 or 3 hyrcanus var. niyerri-

12. ic completely simple barhirostris.

ic frayed barhirostris var. ahomi.
13. oc branched (2—6), pc simple gigas.

oc simple, jio usually with 2—5 br gigas var. simlensis.

14. Anterior tergal plates on III-Vll very
large, with a convex posterior border
extending to about middle of segment
and enclosing the small rounded pos-
terior tergal plate ; palmate Jiairs well

developed on metathorax and on I- VII . . 15.

Anterior torgal plates on abdominal
segments III-VII not exceptionally
large, having a concave posterior

border, behind which lies the rounded
posterior tergal plate 17.

16. All clypeal hairs simple 16.

oc and ic with short scattered branches,
pc branched from base aconitus.

16. A pair of minute hairs arising from tergal

plate on II-VIIl varuna.
The pair of minute hairs not arising from

tergal plate, but lying a little posterior

to the plate on ea<;h side minimus ; fluvialilia.

17. ic and oc simple or with short incon-
spicuous lateral fraying 18.

ic and oc with lateral branches or con-
spicuous fraying 30.

18. Fairly well-developed palmate hairs on
I-Vll ; both long pleural hairs on
mesothorax simple (one of them may
be bifid), except in one species {u/rgerui),

in which palmate hair on I is, however,
obviously well developed 19.
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Fairly well-developed palmate haire on
Il-VII ; one long pleural hair on
mesothorax peotiuate, the other simple. 25.

Fairly well-developed palmate hairs on
IIl-VIl ; both long meso- and ineta-

thoracic pleural hairs on each side

simple 29.

Fairly well-developed pahnate hairs only
on IV-VI and comparatively very
small ; both long mesothoracic pleural

hairs feathered ; pc about as long as ic ;

frontal hairs stout, with only 2-6 br. ;

lateral hairs on III-Vl stout, feathered . . lurkhudi.

19. All thoracic pleural hairs simple; filaments

of abdominal palmate hairs blunt ;

ic faintly frayed and about four times the

length of oc ; metathoracic palmate hair

fairly well developed kochi.

Some of the thoracic pleural hairs pec-
tinate ; filamonts of abdommal palmate
hairs sharp-pointed 20.

20. Palmate hair not differetitiated on thorax ;

root of is inconspicuous ; both long
metathoracic pleural hairs pectinate

;

all long prothoracio pleural hairs
simple, or one of them may be split

into 2 or 3 21.

Palmate hair on thorax more or less

differentiated ; base of is more or less

conspicuous and brownish ; one long
metathoracic pleural hair pectinate,
the other simple ; one long prothoracic
pleural hair feathered 22.

21. oc and pc about J (or less) as long as
ic ; pc internal and close to jc vagus.

oc and pc not so siihpiotus ; aundaicus.
22. Koot of is somewhat poorly developed ;

one long mesothoracic pleural hair
pectinate, other simple ; palmate fiair

on metathorax well developed ; filament of
abdominal palmate hair more than half
length of leaflet sergenti.

Root of is thickened and conspicuous

;

long mesothoracic pleural hairs both
sinjple 23.

23. ic exceptionally long (about half length
of fronto-clypeus) ; filaments of ab-
dominal palmate hairs about J the
length of blades of leaflets

;
palmate

hair on metathorax large and very well

developed ; distal end of abdominal
palmate hair leaflets light-coloured ; fairly
conspicuous minute setce on ventral

surface of posterior abdominal segment*. . majidi.

ic normaUy long (much less than half
length of fronto-clypeus) ; filaments
of abdominal palmate hairs about half,

or more than half, as long as blades
of leaflets .... 24.
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24. pc about half length of oc ; branches
of i>c, slender, their ends straight culicifacies.

pc about as long as oc ; branches of inc.

like those of osc and their ends (mrvod
to form hooks dthali.

25. Filaments of abdominal palmate hairs

about f or as long as blades of leaflets

;

thoracic palmate hair fairly well

developed (except in A. multicolor) ... 26.

Filaments half, or less than half, as long

as the blades ; thoracic palmate hair

usually not differentiated 28.

26. ic and oc rather slender ; pc longer than
oc ; hair representing the palmate hair

of 1 with 5-7 br. ;
palmate hair of 11

smaller than those on the segments
following 27.

ic and oc rather stout ; pc a little

shorter than oc ; iimermost hair on 1

has 9-11 br. ; palmate hair on II as
large as on segments following nwghidenaiD.

27. ic and oc faintly frayed ; a single isolated

dark spot in middle of fronto-clypeus ;

cone-shaped piece at tip of maxillary
palp simple and a little longer than
finger-shaped pieces

;
palmate hair

on metathorax fairly well developed. . . miperpictus.

ic and oc simple (completely) ; a pair

of black spots in front of median spot
present ai'ound bases of frontal hairs

;

cone-shaped piece at tip of maxillary
palp split into two and about as long
as finger-shaped pieces ; palmate hair
on metathorax not differentiated multicolor.

28. oc always simple, ic usually so *
; second

hair dorsal to lateral hair on I with
3-5 br. ; palmate hair never differe-

ntiated en metathorax ; usually a pale
larva stephcnsi.

ic and oc finely frayed ; second hair
dorsal to lateral hair on I with 6-8
br. ; palmate hair may be slightly

differentiated on metathorax ; greyish
larva, usually breeding in seepage areas [and its var. wiUmori.
in sub-montane regions theobaldi ; maculatiu

29. M with only 2-4 br. and arising from an
inconspicuous root ; a poorly developed
palmate hair on metathorax teasellatus.

is with numerous branches, root large and
dark brown ; palmate hair on meta-
thorax not differentiated leucosphynu.

30. oc with long branches, often about as long
as hair itself 31

.

oc with short lateral branches, never more
than about i length of hair 35.

• Some Btephensi larvae may show slight fraying of ic, an 11110011110011

character ; but the very obvious frayiiig of both ic and ocm A. macu-
lalttt, from the same locality, at once differentiates tiheee two species.
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31. oc with a large number of branches,
forming a broom-like tuft 32.

oc splitting distally into 4-12 only ;

fairly well-developed palmate tiair on
metathorax and I-VII ; JilamerU about
aa long as blade of leaflets pulcherrimus.

32. Inner sutural (or occipital) hair simple
or bifid near tip 33.

Inner sutiu-al hau' split near base into

2-8 34.

33. Palmate liair on 1 well developeii ; larva
usually dark grey, often with two or

three silvery spots on dorsum ; filaments

of abdominal palmate liairs half, or more
than lialf, as long as blades of leaflets ;

well-developed palmate hair on metathorax. annularis.

Palmate hair on I not differentiated

;

larva usually pale, dirty yellow, without
conspicuous spots ; filaments and
thoracic palmate hair as in annularis . . jamesi.

34. pc with '2-5 br. ; filairieuts of abdominal
palmate hairs about half as long as

blades of leaflets, or more pallidua.

pc with 7-10 br. ; filaments about ^ as
long as blades of leaflets philippinensie.

36. oc pinnate, with a large number of

branches arising practically the whole
of their length ; one long pleural hair on
metathorax simple ; well-developed
palmate hairs on metathorax and on
J- VII ; distal end of leaflets light in
colour ; anterior tergal platen rather large . jeyporiensis.

oc with only a few short, scatteredbranches

;

both long pleural hairs on metathorax
feathered ; metathoracic palmate hair
not difierentiated—if present it is very
poorly developed ; anterior tergal

plates small 36.

36. oc exceptionally long (about half as long
as fronto-clypeus) ; shortest pleural
hair on prothorax stout, feathered, and
with a somewhat truncated end ;

palmate hair on II verypoorly developed, ramsayi,
oc normally long (much shorter than

half length of clypeal plate) ; shortest
pleui'al hair in prothoracic groupnormal,
with 2-4 br. ; fairly well-developed
palmate hairs on II-VII 37.

87. oc often split into two, and with 3-7 short,

conspicuous, lateral branches ; inner
BUtural hair split into 2-4 ; filament of

abdominal palmate hairs very broad
at base, with a blunt end, and about

i length of blade of leaflet ; palmate
hair on metathorax not differentioted. . . . splendidtu.

oc with a few fine lateral branches ; inner
sutural hair simple ; filament not very
broad, but may be blunt or sharp-
pointed 38.
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38. Lateral hair on V and VI with 6-10 long

branches (more like a pectinate hair)

;

innermost hair on ventral surface of 111

with 7-9 br. ; filament of palmate hair

blunt ; palmate hair on metathorax
never differentiated, hair corresponding
to it like a short pectinate hair,with
4-9 lateral br karwari.

Lateral hair on V and VI splitting near
its base into 3-5 br. ; innermost hair

on ventral surface of III with 3 or 4 br.

only ; filament of palmate hairs usually

sharp-pointed ; palmate hair on meta-
thorax usually not differentiated, and
hair corresponding to it splits into 2-6
br. (in some specimens the branches are [and its var. xMlmori.
slightly flattened) theobaldi ; maculalus

C. Eggs.

1. Lower surface with pale polygonal mark-
ings 2.

Lower s\irface not so ornamented 6.

2. Floats absent ; upper surface of egg rhom-
boidal in shape barianensis.

Floats present ; upper surface of egg not so

.

3.

3. Floats touching margin of upper surface . 4.

Floats not touching margin of upper
sxu-face o.

4. Floats sharply tapering to points at the
ends ; both portions of frill together
not above \ length of egg annandalei.

Floats ending in large, rounded, float-ter-

mination ; both portions of frill together
exceeding } length of egg lindeeayi.

6. Upper surface distinctly narrower than
portion of lower surface between this

and float ; frill narrow ; float-ridges [rmtw ; barbiroatriSy

30 or more, narrow, regular hyrcanus var. niger-

Upper sm'face about same width as portion
of lower surface between this and
float ; frill, seen laterally, about J^alf

breadth of upper surface ; float-ridges

not exceeding 20, broad, with sharp
serrated contour tesaellatua ; kochi.

6. Floats absent 7.

Floats present 9.

7. Frill rudimentary, seen as small, oval tache
on egg turkhudi.

Frill well developed 8.

8. Frill present only at ends of egg multicolor.
Frill continuous round margin of upper

surface superpicttu ; dthaU.
9. Floats separated from margia of upper

surface 10.

Floats totiching margin of upper surface
(or separated only by a very small
interval) 12.
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10. Frill well developed in middle portion
of egg ; about J depth of egg seen
laterally culicifacies.

Frill either discontinuous in middle or very
narrow, distinctly less in middle of egg
than i depth of egg 11.

11. Terminations of floats not approaching
extremities of egg within J of egg-length
or more ; float-ridges, seen from above,
markedly longer than broad fluviatUis; minimiu.

Terminations of floats approaching ex-

tremities of egg by ,'ij of egg-length
or less ; float-ridges, seen from above,
almost as broad as long aconitua.

12. Frill continued along whole margin of

upper surface and passing above
floats 13.

Frill interrupted in middle of egg where
floats are present 16.

13. Frill striated through whole extent 14.

Frill striated in terminal portions only ... 15.

14. Frill i width of egg-body ; float-ridges

30-40 aubpicttis.

Prill distinctly less than i width of egg-
body ; float-ridges 20-30 vagus.

15. Upper STirface with punctas confined to

margins ; float-ridges about 20 ; egg
rather deep and somewhat concave
above aundaicua.

Upper surface with punctoe in the form
of wliite spots covering whole extent

;

float-ridges about 16 ; egg very flat

and shallow, with fiat upper surface . . . piddherrimus.
16. Upper surface as wide as egg-body

;

no portion of lower surface seen when
egg is viewed from above 17.

Upper surface not so ; at least some lower
surface visible towards ends of egg
when viewed from above 18.

17. Frill merging gradually at float-junction. . annularis ; pallidu».
Frill with more or less evident tags at

junction with float jeyporiensis.

18. Anterior demarcated portion of upper
surface twice, or nearly twice, as long
as posterior ; floats extending distinctly

nearer to narrow end of egg 19.

Anterior demarcated portion of upper
surface only slightly longer than
posterior ; floats extending to about
an equal distance from either end of the

egg 22.

Note.—The eggs of the following species have not been observed :

—

euUciformis, gigas, msuloeflorutn, leuooaphyrus, tmyidi, pmimartinaia,
pseudobarbirostris, sintoni, theobaldi, vmbwstu, and ixiruna. llie eggs
of aitkeni and phiUppinensis are insufficiently known toi inclusion

in the above table.



Fig. 14.

Eggs of Indian Aaophelini.

A. linde»oyi. S. A. hyrcwnus var. nigerrimug. S. A. hairbifoitrit,

4. A. tetaeUatua. 6. A. etiUoifaciea. 6. A. fitwiatiUa. 7. Ditto,
foim with double deck. 8. A. aconUua. 9. A. jeyporiemit.
10. A. PuMmdi. 11. A. sundmcua. (After Chriatophera and
Barraud.)

(All eggs drawn to scale in upper right-hand comer.)



Fig. 15.

Eggs of Indian Anophelini (continued).

12. A. vagus. 18. A. tubpkiue. 14. A. pulcherrimita. 16. A. super-
pidua (egg-shell). 16. A. moghtUenaia. 17. A. annidaria (fuli
ginoaua). 18. A. palMdua. 19. A. atephenai.

21. A. jameai. 28. A. ramaayi. 28. A.
Christophera and Barraud.)

(All on aame scale as fig. 14.)

20. A. aphndidua.
macuUaua. (After
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19. Floats about half the egg-length ; float-

ridges about 12 ramsayi.

Floats distinctly more than half egg-

length ; float-ridges over 16 20.

20. Middle portion of upper surface at least

equal to the anterior and posterior

demarcated portions taken together

;

floats occupying somewhat less than

J lateral aspect of egg in middle por-

tions ; frill somewhat narrower jamesi.

Middle portion of upper surface less than
anterior and posterior demarcated
areas taken together ; floats very broad,
occupying j the lateral aspect of the
egg in middle portion ; frill somewhat
broader moghulensis.

21. Anterior demarcated area obviously shorter

than the middle area, say | of this

;

egg flattened, not galleon-shaped sergenti.

Anterior demarcated area about as long
as middle area ; egg galleon-shaped . . 22.

22. Floats not markedly concave above 23. [var. willmori.

Floats markedly concave above macvlatus and its

23. Float-ridges about 14 ; frill less than

\xs depth of egg ; floats only slightly

more than J the egg-length stephensi ; karwari.

Float-ridges about 22 ; frill about -^^

depth of egg ; floats distinctly longer

than i the egg-length gplendidus.
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PART III—SYSTEMATIC.

Tribe ANOPHELINI.
Edwards, Bull. Ent. Res. iii, p. 2, 1912.

Subfamily AnopheUna Theo., 1901, Mono. Cul. i, p. 97.

SubfamUy Anopkdincs Felt, 1904, New York State Mus. Bull.

Ixxix, Entoin. xxii, p. 264.

Section AnopheUna Marshall, 1911, Bull. Ent. Rea. ii, p. 241.

Section Epialtirgi Aloock, 1911, Ann. & Mag. Nat. Hist. (8) viii,

p. 241.

Section Anophelini Brunetti, 1914, Rec. Ind. Mus. x, pt. i, p. 32.

Characters (see Part I).

The points in which the rare genera Chagasia and Bironella

•differ from the more usual anopheline characters are tabulated

below (see Key to Genera).

Fig. 16.

4 V 5 "^ 6

Showing chief hypopygial characters of the genera and subgenera.

1. Chagaeia. 2. Bironella : (a) gracUia ; (b) traveatitiia. 3. Stethomyia
(ntm&a). 4. Nyssorhyncktu. 5. Anopheles. 6. Myzomyia.
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Key to Genera.

1. Male with two large idaws on each fore and mid-
leg ; soutellum ((J?) somewhat trilobod, with a
set of bristles on each lobe separated by
intervals ; larva with lateral border of scoop
bearing fringe of hairs *

.

Three species only known, all from South and
Central America Chaoasia.

Male with a single large claw on fore legs only ;

scutellum ((J$) with an evenly rounded border
and uninterrupted lino of bristles ; larva

without a fringe of hair on lateral borders

of scoop -.

2. Claw of fore legs of J without median or basal

spur ; claw-bearing segment shorter than
preceding segment and without spiny enlarge-

ment at base ; vein 5.1 beyond cross-vein

concave f.

Five species and one variety known, all from
New Guinea or adjacent islands.

The species iJ. ^rocJM* Theo., B.papuce^woW.,
B. aoeailoi Strick. & Chowd., B. de rooki

Soesilo & V. Sloot., and B. papuw var. brugi

Soes. & V. Sloot., with (J palpi almost as long
as proboscis, anterior forked cell short or

unclosed, and ? palpi J to J length of proboscis,

are placed by Edwards, 1931, in subgenus
Birondla; and B. traveatitua Brug, with ^ and 9
palpi alike less than \ length of proboscis and
anterior forked cell only slightly shorter than
petiole, in subgenus BrugeUa Bironella.

Claw of fore legs of ^ with median and basal

spur (except in A. oulicijormis, where there

is no basal spur), claw-bearing segment longer

than precediiig, and with a spiny enlargement
at base ; vein 5.1 not concave beyond cross-

vein.

About 200 species, distributed throughout
the world Anopheles.

* For further information, see Root, Amer. Joum. Hyg. vii,

p. 470, 1927 ; Dyar, ' Mosq. Amer.' p. 431, 1928 ; Edwards, Bull. Ent,
Res. vi, p. 124, 1926 ;

' Gen. Insect.' p. 31, 1932.

t For further information, see Brug and de Rook, Bull. Soc. Path.
Exot. XV, p. 305, 1922 ; Brug, Geneesk. Tijds. bcviii, p. 921, 1928

;

de Book and Soesilo, Geneesk. Tijds. Ixx, p. 479, 1930, and Meded.
Volkfl. xix, p. 213, 1930 ; Edwards, Bull. Ent. Res. xxi, p. 287, 1930

;

id., ' Gen. Insect.' p. 32, 1932 ; Soesilo and v. Slooten, Meded. Volks.
XX, p. 125, 1931. For characters of the subgenera, see Edwards 1932,
loc. cit.
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Genus ANOPHELES Moig.

Meigen, Syat. Beschr. i, p. 10, 1818 (Anopheles Hgg.).

For synonomy of names formerly accorded generic rank,
see under respective subgentsra and groups or series.

Type-species, A.clavigcr Moig. {bifurcatus Meig., nee Linn.) *.

Characters.

A description of the characters of the genu.s is given
in Part I. : see '" Introduction " and " Characters used
in Identification and Chissifieation."

Key to Subgenera.

1. Coxite of <J hypopygium with a single very
large, stout, parabasal spine, nearly as long
as coxite, arising near base or higher np
coxito, without basal tubercle (fig. J6, 3).

Mesonotum of adult with a median milky
line. Larva with spiracles very far apart
and opening on prominent papillae ; a pro-
cess ending in four hairs arising from
lateral papiUiie f-

Three species only known, from South
and Central America Stethomyia.

2. Coxito with two parabasal spines, at least

the inner arising from a lobe or tubercle

;

inner stouter and shorter than outer ; if

only one spine present this has the
(characters of the inner spine, and there
are no additional spines higher up on
inner aspect of coxite (fig. 16, 5,) For
further characters, see under the subgenus.
About 80 Bpecios.distributed throughout

Old and New World Anopheles.

* Lang (' Handb. Brit. Mosq.' p. 73, 1920), following Coquillett
(Proc. U.S. Nat. Mus. xxxvii, p. 107, 1910), gives Cidex Hfurcatus L.,

designated by Curtis (' Brit. Entom.' p. 210, 1828) as the type, but as
Liniiaeas's name bifurcatus was originally applied to the male of Cidex
pipiens, and not to an Anopheles, the type is correctly given as above.
Edwards ('Gen. Insect.' p. 35, 1932) quotes as the type A. maculipennis
Mg., the second of the two species originally included in the genus,
but this is an error. Fortunately this makes no practical difference,

as both species belong to the same group.

t For further information, so© Theo., 'Mono. CuL' iii, p. 62, 1903;
Peryassu, 'Cul. Braz.' p. 88, and p. ^6^ (Bhynchomyia), 1908; Bonne and
Bonne-Wepster, 'Mosq. of Surinam,' p. 502, 1926; Dyar, 'Mosq. Amer.'
p. 99 (OoeUia), and p. 446, 1928 ; Costa Lima, ' Trat. de Parasit.' p. 648,
1930; Edwards, Bull. Ent. Kes. xxi, p. 288, 1930; 'Gen. Insect.'

Fasc. oxeiv, p. 35, 1932 ; Shannon and Davis, Ann. Entom. Soo. Amor,
xxiii, p. 473, 1930 (detailed awjcount of larva, pupa, and adult).

DIPT.—VOL. IV. H



98 ANOPHELINI.

3. Coxite with one large spine at base and two
twill spines higher up on inner face of

coxite, all arising from basal eminences

;

a thickened internal spine may also be
present (fig 16, 4). Adult with general

ornamentation much as in subgenus Myzo-
myia ; the wing with four mam dark costal

spots, but witlx the apical pale spot not
at junction of vein 1 and costa, but
basal to this. Pharyngeal armature with
a single row of recurved teeth, separated
by intervals. Larva with branched hair

on autonna ; inner clypeal hairs close

together or moderately so ; long pleural

hairs br.inched or simple ; leaflets of

palmate hairs lanceolate, without terminal
filament ; inner shoulder-hair sometimes
converted into a palmate hair *.

About 17 species, confined to South and
Central America Nyssorhynchus.

4. Coxite with four or five parabasal spines,

arising close together in a cluster, the more
basal ones with recurved tips, the one
more apically situated longer, resembling
an ordinary hair (fig. 16, 6). For further

characters, see under the subgenus.
About 80 species, distributed through

the tropical and subtropical Old World . . Myzomyia.

Subgenus ANOPHELES Moig., s.str.

Christophers, 1915. Ind. Journ. Med. Res. iii, p. 383.

Type-species as for genus Anopheles.

Abult.—Coxite with two parabasal spines, the inner at

least arising from a more or less distinct prominence, the
iimer spine shorter and usually somewhat stouter than the
outer. In a few cases only one spine is present, which then
has the characters of the inner spine f.

Pharyngeal bar without an armature of teeth.

The propleural hairs usually form a conspicuous cluster

of four to five or more. Ornamentation of the wings is on
a different plan to that in subgenus Myzomyia ; the wing
is often entirely without pale spots

; if pale spots are present,

* For further information, see Christ. 1915, p. 383 ; Evans, Ann.
Trop. Med. and Par. xv, p. 447, 1921 ; Boot, Amer. Journ. Hyg. iii,

p. 266, 1923 ; iv, p. 460, 1924 ; and vi, p. 684, 1926 ; Costa
Lima, Suppl. Mem. Inst. Osw. Cruz, 1928, no. 3, p. 91 ; id.,' Trat. de
Parasit.' ii, p. 600, 1930 ; Shannon and Davis, Ann. Entom. Soo. Amer.
xxiii, p. 487, 1930 ; Edwards, ' Gen, Insect.' p. 43, 1932.

t llie Old World species of this subgenus that show a single parabasal
spine are A. algeriensis Theo., A. stigmcUicM Skuse, A. atratipM
Skuse, and A. impUxa Theo.
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the costa usually shows less than four main dark costal areas ;

bifurcation of veins 2 and 4, and the position of the cross-vein

junctions, are commonly dark, not pale, as in Myzomyia

;

the pale areas on the fringe are much more capriciously

developed. In addition, subgenus Anopheles shows some,
or all, of the following characters in the wing-markings, none
of which are usually seen in Myzomyia :—Aggregations of

somewhat enlarged dark scales, especially at the bifurcations

and cross-veins
;

presence of inflated or unduly large scales

on the subeosta, stem of vein 4, or elsewhere
;
presence of mixed

dark and pale scales on the veins in certain areas, in place

of the discrete defined spots commonly seen in Myzomyia ;

pale markings on the upper surface lacking on the lower surface

of the wing.

Pupa.—^With spines V-VII usually short and blunt ; paddle-
hair usually short and straight.

Labva.—Antennal hair (with rare exceptions) branched
and arising from inner aspect of shaft ; ic arising close

together, their bases often nearly touching
;
palmate hair-

leaflets lanceolate or with poorly differentiated filament,

notches spread along distal portion of leaflet ; long pleural

hairs usually all simple.

Key to Groups.

1. Abdomen without lateral scale-tufts. Costa
without kink, or with a very slight one,

at subcostal junction. Outer parabasal
spine, when present, stout.

About 53 species, distributed through-
out the world.

Type-species as for genus Anopheles . . Group Anopheles.
2. Abdomen with lateral tufts of broad scales.

Costa with a well-marked kink near
junction of subeosta with costa. Out«r
parabasal spine long and thin *

About seven species, confined to South
and Central America.

Type-species, A. maculipes Theo Group Arribalzagia.

3. Abdomen with long lateral tufts of greatly
elongated scales. Costa without kink
or with a very slight oixe. Outer para-
basal spine absent f

.

A single species, confined to tropical

Africa.

Type-species, A. implexa Theo Group Christya.

* For further information, see Boot, Amer. Joum. Hyg. iii, p. 246,
1923, and iv, p. 456, 1924 ; Costa Lima, Suppl. Mem. Osw. Cruz,
no. 12, p. 280, 1929 ; Edwards, ' Gen. Insect.' p. 37, 1932.

t For further information, see Edwards, Bull. Ent. Kes. xvii,

p. 122, 1926.

h2
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Group Aaopheles.

Root, 1922, Araer. Joum. Hyg. ii. p. 387.

Characters substantially as given under the subgenus,

except in so far that characters special to the groups

Arribalzagia and Christya are to be excluded.

Adult.—The wing-ornamentation shows in varying degree

the characters given under subgenus Anopheles, as distinct

from those shown by subgenus Myzomyia. Leg-ornamen-
tation is moderate in degree and, except for the femoral

ornamentation in some species, the legs are usually uni-

colorous or merely with some degree of tarsal banding, rarely

white at the tips of the hind tarsus *.

Pharynx very similar throughout the group : a general

description will suffice. Lateral flanges extended but narrow :

ventral flange poorly developed and divided
;

pharyngeal
bar ill defined, more or less concave, without armature

;

pharyngeal ridges minute, scarcely perceptible, in one
or several rows, but few in number and widely separated.

Dorsal papillae 8-12 in number ; commonly the second
pair (counting from behind) the largest, followed by 2-4

small papillae on each side of anterior hard palate ; the actual

number of these small papillae subject to variation, and not
infrequently one side has one less than the other, the number
given in the descriptions being that which appears to be usual

with the species. Posterior hard palate shaped like a trun-

cated cone ; pigmented area usually linear and median.
Hypopygium as described under subgenus Anopheles.

Inner spine usually stout and recurved at tip ; outer usually

I to ^ as long again as inner and commonly also recurved
at tip, but longer and straighter in series Myzorhynchus.
Harpago usually more or less bilobed or trilobed, with sword-
like and simple spines, the sword-like or flattened spines

on outer or dorsal lobe usually not fused into a club, except
in group Myzorhynchus. Phallosome often small and of
simple construction, without leaflets ; in other species large

and well developed. Well-marked processes often develop^
from ninth tergite, especially in A. gigas and in the Myzor-
hynchus series.

Larva.—Arrangement of pleural hairs is substantially
similar in the group, except for the dorsal posterior prothoracio
{dp 1), which is slender and simple in some forms but split into
stout spine-like branches in others (see Key to Series). The
following schema gives the usual characters of the pleural hairs

* White hind terei are seen in the African species A. maurittetmu
and, as an extreme degree of individual variation, in A. hyreamu var.
nigerrimua.
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in the group, with a note regarding any special feature shown
by individual species. This schema should be consulted

along with the descriptions.

1 (prothdi-aoic). 2 (mesothoraoic). 3 (metathoracic)

da (dorsal

anterior).

va (ventral

anterior.

dp (dorsal

posterior).

vp (ventral

posterior).

Long, simple *.

Long, simplp §.

Short, slender, and
simple II,

01'

Stout, with 3-6 **

spine-like br.

I

Long, simple.

Long, simple t.

Long, simple
|i.

Extremely short,

simple.

Variable in length ft,

but always much
shorter than the

anterior hairs.

Long, simple t.

Long, simple !|.

Extremely short

or minute,

simple.

Very short IJ, most
commonly with

2-4 br.

Classification.

Though the group includes a wide diversity of forms

(no less than nine of the genera that have been created in the

past on scale-characters, etc., are included in this group),

classification is difficult owing to the occurrence of tran-

sitional species. Owing to this difficulty, systems of classi-

fication tend to range between recognition of very few

divisions, each including many relatively distinct forms,

and the making of more numerous groups each containing

a very few species. Probably, in view of the facts, the last

is the most natural and, eventually, useful classification,

especially as new species are constantly being added, making
some originally very small groups more extensive.

For the present I have followed Edwards in recognizing

four series.

* With 5-7 br. in culiciformis ; split about middle into 2-4 br. in

aitkeni ; finely barbed in annandalei var. intemiptua.

f With 2-3 stiff barb-like br. in culiciformis ; finely barbed in

annandalei var. intenuptua.

X With 2-3 br. in aitkeni var. bengakneis ; 2-3 stifl barbed-like br.

in culiciformis j finely barbed in annandaki var. interruptus.

§ About half as long only as the dorsal hair and slender in annandalei.

II
Barbed in sintoni.

i[ Sometimes bifid in aitkeni and insulaflorum ; split into 2-4 br.

in sintoni and gigas.

** 6-6 br. in umbrosui ; 3-4 in hyrcanus var. nigerrimtu and !w-
birostris.

ft One-fourth length of anterior hairs in gigas and um6r(wu«

;

split into 2-4 br. in annandaiei.

XX Simple in bananensis ; simple, sometimes bifid, in insula^florum ;

bifurcate in wnbrosus, hyreanut, and bariirostria.
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Key to Series.

(a) Anopheles series.—Front femora slender or only indistinctly swollen

at base ; scales of female palpi appressed or only slightly

roughened towards base.

(b) Lophoacelomyia series.—Front femora somewhat swollen at base ;

female palpi rather thick ; hind femur with conspicuous
ornamentation of a large white scale-tuft at tip, preceded by
an area of outstanding black scales.

(c) Myzorltynchus series.-—Front femora markedly swollen at base ;

female palpi shaggy,
{d) Cycloleppteron series.—Resembling Myzorhynchxis in general, but

with differences in ornamentation. New World *.

(a) Series Anopheles.

Edwards, 1932, Gen. Insect.

Cwlodiazcsis Dyar & Knab, Journ. N.Y. Entom. Soc. xiv, p. 177
1906. Type, A. barberi Coq.

Neostethopheles James, Rec. Ind. Mus. iv, p. 98, 1910. Type,
A. aitkenii James.

Patagiamyia James, ib. iv, p. 98, 1910. Type, A. gigas Giles.

Proterorhynchua Brethes, Bol. Inst. Ent. y Pat. Vog. i, p. 10,

1912. Type, A. pseudopunctipennis Theo.

Cyclophorus Eysell, Arch. f. Schifis. xvi, p. 422, 1912.
Type, A. nigripes Staeger.

Memnemyia Strickland, Ind. Joum. Med. Res. iii, p. 204, 1915.
Type, A. brevipalpis Roper.

Type-species as for genus Anopheles.

The following species and varieties are recorded from the
Indian area :

—

Without a pronotal scale-tuft (wings unspotted).

Interocular vertex narrow, sulcus-like (Cidex attitude).

A, aitkeni James.
A. aitkeni var. bengalensis Puri.

A. instdmflorum Swell. & Swell.

A. pinjaurensis Barraud.
A. cvliciformis CogUl.
A. sintoni Puri.

Interocular vertex broader, triangular (anopheline attitude).

A. barianensia James.

With a pronotal scale-tuft (wings with some pale spots).

A. lindesayi Giles.

A. lindeaayi var. nilgiricua Christ.

A. gigaa Giles.

A. gigaa var. aimlenaia James.
A. gigaa var. baileyi Edw.

* Edwards, • Gen. Insect.' 1932, places in Cycloleppteron the following
New World species :

—

A. amazonicuB, A. annidipcdpis, A. grabhanm,
A. maUogrotaenaia, A. peryaasui, ^d A. veMitipennie. Aa "Bari (1031,
p. 53) notes that dpi in A. grabhatnii is slender and simple, it is possible
that Cycloleppteron may be distinguished on this point.
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1. Anopheles aitkeni James, 1903 "'. (Fig. 17.)

James, in Theobald, Mono. Cul. iii, p. 22, 1&03 (A. aitkenii). Tvpb-
lOO. : Karwar, Bombay (near Goa Frontier). Type : 9 described

;

? type in Brit. Mus.
.SyuoNYMS

:

fragilia Theo., 1903, Entomologist, xxxvi, p. 257 (Stethomyia
Jragilia). TyPB-LOC. : Kuala Ltirapur, F.M.S. Type : dies-

eribed from 2SS i type in Brit. Mus. Syn. : by Stanton, Joum.
Lond. Soh. T. Med. ii, p. 4, Dec. 1912.

pallidua Ludlow, 1905, Canad. Entom. xxxvii, p. 129 {Stethomyia
pallida). Type-loc. : Camp Stotaonberg, Pampanga, Luzon,
P.I. Type : described from 1 ? ; type in U.S. Nat. Mus.
(see Dyar, Insec. Insc. Menst. xiii, p. 85, 1925). Syk. : (probably)
by Alcock, Joum. Lond. Sch. T. Med. ii, p. 159, 1913, and by
Christ., Ind. Joum. Med. Bes. iii, p. 461, 1916.

treacherii Leicester, 1908, Culic. Malaya, p. 19 (A. treacherii).

Type-loc. : Fed. Malay States. Type : (J and $ described ;

specimens, probably types, in Brit. Mus. Syn. : by James and
Stanton, Trans. 3rd Cougr. F.E.A.T.M. p. 515, 1912, and
Paludism, no. 5, p. 59, 1912.

Recognized Vauikty :

bengalensis Puri, 1930; see under A. aitkeni var. bengaUnsis.

A. aitkeni (type-form), var. bengalensis, and A. insulcejlorum are
distinguished mainly, or entirely, on larval charact<ers, especially the
form of ic "f. The larval characters of the types of A. fragilis and
A. treacherii (Malay) and of A. pallidua (Philippines) being unknown,
these forms cannot at present be placed with certainty under any of
the known types, and, are, therefore, still given as synonyms of the
species (type-form), though it is probable that the two former, at
least, may be identical with var. bengalensis, which appears to be the
most common Malayan form.

Systematic : Swell. 1921 a, p. 132 ; Puri 1930 o, p. 955. See also

(aitkeni) James 1 903, p. 22 ; Cogill 1903, p. 332 ; James and Listen 1904,

p. 119 ; 1911, p, 59 ; Theo. 1908, p. 287 ; 1910 a, p. 13 ; James and
Stanton 1912, p. 59; Strickland 1913 b, p. 203; Stanton 1914 b,

p. 515; Christ. 1916 a, p. 461 ; 1924 c, p. 18; Mangk. 1918, p. 494;
1919, p. 76 ; Carter 1925, p. 67 ; Borel 1929, p. 2S. (fragUia) Theo.
1907, p. 60; 1910 o, p. 36. {pallidum) Ludlow 1914 a, p. 43; Theo.
1907, p. 61 ; 1910 a, p. 36 ; Aleook, 1913 b, p. 159. See also imder
" Synonyms," " Hypopygium," and "Larva."

t The inner clypeal hairs in A. aitkeni-iike larvse may be :-

—

(a) Simple (outer hairs also simple) (fig. 17, 13) ; A. inaulaiflorumr—
figured also as for A. aitkeni by Strickland, 1915, and Strickland and
Chowdhury, 1926, but with branched outer hairs; possibly A. insuZcB-

florum, as these authors do not mention this species.

(b) Split into two about i their length from base, and without lateral

branches or fraying (fig. 17, 14) ; A. aitkeni (type-form) as given by Puri,

1930 ; type 3 of SweB. 1919—-mentioned also by Mankoewinoto (West
Java) ; only form described by South Indian authors (Cogill, 1903;
James and Listen, 1904; Carter, 1925 (Ceylon); Puri, 1930).

(c) Split into 3-5 about ^ length of hair from base (fig. 17, 15) ;

var. bengalensis as given by Puri ; type 1 of Swell.—described also

by Mangkoew. and by Stanton (Malay) ; type 2 of Swell., with three
branches, may be this form.

(d) Single, but with short lateral branches or fraying on middle
third (outer hairs simple) (fig. 17, 17) ; type 5 of Swell.—described
also by Stanton, 1915, for M&lay ; this author, 1912, describes a form
-with the lower \ frayed, possibly the some.

(e) Split into two as in (6), but with lateral branching or fraying

;

iyve 4 of Swell.—described also by Strickland (Malay).
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A. aitkenii var. -paputie Swell. & Swell. I9i0-Bironella papuce.

A. aitkenii var. palmata Rodenwaldt, Geneesk. Tijds. Ixvi, p. 789,

1926 (and Meded. Volks. Ned. Indie, 1927, D. 3, p. ."JlS), type-loc. West
Java, and recorded from Borneo, has the iiuier olypeal hairs simple, like

inimlmfiorum, the inner shoulder hair in the form of a delicate palmate

hair, and large tergal plates, as in the minimus group. It is probably a

distinct species, as practically suggested by Rodenwaldt ; and alst) by

Strickland and Chowdhury, 1931 : it is not recorded from the Indian area.

Adplt ?.—a small to moderate-sized fragile brown ano-

pheline (length of wing 2-5-3-5 mm., some large specimens

reaching 4 mm.) ; attitude, Culex-lilie.

Head : vertex abruptly narrowed at eyes to form narrow

sulcus-Uke space. Head-scales sparsely scattered, narrow,

linear, rod-like, with bifurcated extremity ; striations extend-

ing at most half-way down the scale. Two conspictious,

forwardly-projecting chaetse arising close together in middle

line just posterior to sulcus, and in their neighbourhood

one or two small narrow white scales. In sulcus between

eyes a single row on each side of 5-7 small white scales,

the series terminating anteriorly at two further conspicuous

ohffitse arising close together in sulcus. Antenn(e, including t,

entirely devoid of scales. Palpi very thin, doUeate, straight,

last two segments somewhat swollen, giving distinct club- like

effect ; apical segment short ; index 0-41 ; thinly clothed

with appressed scales, bare on inner aspects, some scales

present on rbs ; devoid of pale markings.

Pharynx as for group ; dorsal papillae 8.

Thorax rather short, rounded ; apn with dark chsetse

only
;
propleural hairs 1-2. Mesonotum uniformly coloured,

dull brown or sometimes rather reddish ; the bare spaces

conspicuous and with slightly different texture ; bare, except

for fines of larger chaetse and some smaller hairs ;
entirely

devoid of all scales. Pleuraj palish, devoid of scales

;

spiracular hairs absent
;

prealar reduced to one or two

;

upper mesepimeral about nine.

Wing with the af unusually long, almost ^ of wing-length,

more than twice its petiole and half as long again as pf;
bifurcation much nearer wing-base than that of pf ; index

about 1-8. Scaling of wing marked and defined but narrow ;

max. str. 7. Border scales extending nearly to base. Mem-
brane somewhat dark.

Legs long and thin. Front femora not swollen in basal

half. Femora unicolorous, dark to base above and usually

beneath, but sometimes faintly pale in this situation for

some distance. Tibiae unicolorous, dark, showing pale

at extreme base (joint only), and on front leg sometimes
with a small triangular pale patch at apex externally. Tarsi

tmiformly dark. Dark scalii^ of legs somewhat shiny,

and in certain lights may give a faint metallic appearance.



Fig. 17.

standard scale for
harpago and phallosome

A. aitkeni ; also A. inaulceflorum (8, 11, 13).

Wing of $. 2 & 3. 9 and ^ palps, same scale as 1. 4. Side-
view of head, showing scales and vertical ohsetse. 5. Vertex.
6. Head-scale. 7. Phallosonxe, standard scale. 8. Ditto, A. inmUce-

florwm. 9. Harpago of type-form : (o) external portion of dorsal
lobe ; (6) internal portion of same, standard scale. 10. Dorsal lobe,

slightly crushed. 11. Phallosome, A. instUceflonan, apical portion,
enlarged. 12. Dorsal lobe of harpago, var. bengaUnsia. 13. Clypeal
hairs of larva, A. mauiasflorum. 14. Ditto, A. aitkeni, type-form.
15. Ditto, var. bengcdtnaiB. 16. Ditto, inner clypeal hair, with
five branches. 17. Clypeal hairs of type 5 of SweUengrebel.

(18-18 after Puri, 17 after Swellengrebel.)
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CoxcE pale, entirely devoid of scales. Trochanters mostly
pale, devoid of scales.

Abdomen usually dark, with darkish hairs ; devoid of

scales even on cerci.

Adult ^.—In general as in $. Palpi narrowly and
fusiformly clubbed ; marginal hairs poorly developed, incon-

spicuous ; dark, entirely devoid of pale markings. Labium
very long and thin. Ungues with a basal spur. Abdomen,
including coxites, entirely devoid of scales.

Hypopygium *
: parabasal spines 2, about equally thick,

markedly recurved at ends, inner somewhat shorter than
outer, but otherwise very similar ; a well-developed internal

spine near apex of coxite. Harpago crest-like ; dorsally

a stout, strongly chitinised lobe partly divided into two
(ventral lobe of Christ. 1915, p. 384), the more dorsal part

(ventral lobe of Puri 1930, p. 954), carrying three sword-Uke
spines, the more ventral and internal portion with two
spines, with their terminations expanded and often only

clearly visible as two at their base, all those five spines forming
a rather club-like aggregation ; ventrally is a more mem-
branous portion of the harpago, also more or less differen-

tiated into two parts, the outer carrying two stout spines,

the inner a single spine. Phallosomo small, papiUiform,
with rounded end, without leaflets or any terminal thickening
or spinous processes. Ninth tergite ribbon-like, without
processes.

Pupa.—Undescribed. A reference to poorly developed
hooks of the paddle-hair is given by Lamborn 1921, p. 96.

Larva f.—Clypeal hairs : ic arising rather far apart (for

subgenus Anopheles), about as far apart as distance between
ic and oc of same side, spht into two branches (bifurcate)

about I their length from base, smooth and without
any lateral branches or fraying ; oc short, only about

J length of ic, split into 2-5 br. towards termination

;

pc very short, 3-7 br. Frontal hairs normal, but reaching
only to pc. Svbantennal hair feathered, with a cluster of
short branches at distal end. AntenncB wtih stout spines
on shaft; antennal hair branched (6-8), arising on inner
aspect about \ length of antenna from base, a little longer

• HYPopyomM : Christ. 1015, p. 384 ; Swell. 1921 6, p. 40, and 1921 o,

p. 133 ; Puri 1930 a, p. 955.

t Larva: Swell, and Swell. 1919 o, p. 25; Puri 1930 o, p. 955;
Puri 1931, p. 95. See also Cogill 1903, p. 332 ; James and List. 1904,
p. 119; 1911, p. 59; Stanton 1912 6, p. 4; 1915, p. 163; Strickland
1915 c, p. 7 ; Mangk. 1918, p. 494 ; 1919, p. 76 ; Lambom 1921,
p. 95 (tail-hooks) ; Swell. 1921 a, p. 134 ; Buxton 1923 6, p. 76
(comp. with algeriensis) ; Carter 1925, p. 79; Senior White 1925,
p. 216 ; Stanton 1926, p. 42 ; Striok. and Chowd. 1927 6, p. 26 ; Puri
1928 6, p. 521 ; Borel 1929, p. 25.
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than antenna is broad. Mentum with four teeth on each
side of median tooth, first very small, an additional small

tooth sometimes present basal to fourth tooth.

Shoulder hairs : inner without conspicuous chitinised root,

10-15 br. ; middle, 14-17 br. ; outer arising independently.
Pleural hairs as given for subgroup Anopheles, but da\
split about middle into 2-3 br., and dp\ sometimes bifid.

Hair no. 1 on metathorax developed as palmate hair with
undifferentiated filaments.

Palmate hairs : well developed on III-VII ; on I branched
(8-11), but branches not flattened into leaflets ; hair no. 1

developed as palmate hair on II, but less fully developed
than on other segments, and filament not differentiated.

Leaflets more or less uniformly coloured, fairly broad, with
indentations at shoulder very variable, sometimes giving

almost the appearance of a lanceolate leaflet, at other times
with the filament well defiined.

Lateral hairs long, stout, feathered on I-III, that on III

resembling the others ; long, with about 3-6 br. on V ; very
short on VI (8-10 br.) and on VII (4-7 br.). Tergal plates

fairly small. Spiracular chitinisation fairly pronounced,
widely separated from median plate. Pecten with about
ten long and three short spinous projections, most of them
serrated on basal half, ps fairly long, with about 8 br.

Saddle-hair long, split into 4-6 br. at | its length from base
(the only Indian species showing this character), osc with
6-7 long br. forming sharply defined hooks ; isc and ventral

hairs with some also forming rudimentary hooks.

Ego.—Undescribed. Some notes taken from a dissected

gravid specimen give the egg of the whale-back type, with
long, narrow, upper surface surrounded by a narrow frill

;

the floats long, extending over f of the egg-length, and (?)

silvery polygonal markings on the under surface.

Identification.—The unspotted wings and characteristic

head-scales distinguish A. aitkeni from all other Indian
species except A.insulceflorum, A. pinjaurensis, and the variety

bengalensis.

The following are points of distinction between the four

very similar forms mentioned above :

—

1

.

Phallosome very long, tubular, and expanded
at end pinjaurensis.

Phallosome shorter, not expanded at end . 2.

2. Phallosome with some fine spinous pro-
jections laterally towards apex. Larva
with ic simple, arising close together, with
developed palmate hair on I ; lateral hair

III only half as stout as I and 11, and
carrying only 5-8 br. Outer part of dorsal

lobe of harpago usuallywith three spines . inaulai0<mim.
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Fhallosome without any apicular projections.

Larva with ic bifurcate or branched,
without developed pahnate hair on I ;

lateral hair III as on previous segments . . 3.

3. Larva with ic bifurcate at about i from
base ; outer part of dorsal lobe of harpago
usually with three spines aitkeni.

Larva with ic split into 3-5 br. about J
from base ; outer part of dorsal lobe of

harpago usually with two spines aitkeni var. bengalensix^

The Mediterranean species A. algeriensis (occurring in

Turkestan) resembles A. aitkeni in general appearance, but
the anterior forked cell is much less than half as long again

as the posterior and the head-scaling differs in detail ; there

is only one parabasal spine ; for larval differences, see Buxton,
Bull. Ent. Ees. xiv, p. 76, 1923.

Distribution.—Widely distributed in the Oriental K«gion.

Recorded from New Guinea ; Moluccas (Ceram,

Amboina) ; Sula ; Celebes ; Sangir ; Philippine Is. ;

Formosa ; Lesser Sunda Islands (Alor, Timor) ; Java
(with Noesa Kambangan) ; Sumatra (with Nias, Riouw,
Linga, Enggano Islands) ; Natuna Islands ; Borneo

;

Tonkin ; Cochin-China ; Malay Peninsula ; Ceylon ;

India.
Records from the more eastern areas may require con-

firmation. Formosa is given by Brug, 1926 c *. Records
for the most part do not enable the form to be stated. Apart
from India, the tjrpe-form as defined by Puri has been
definitely described only from Java (or with a general reference
to the Dutch East Indies).

In India A. aitkeni has been recorded, according to Covell„

from many loc^Uties over the east and south, including
Upper Burma ; Andamans ; Assam ; Bengal ; Chota
Nagpub ; Madras ; Mysore ; Bombay Pres., as far north
as Savantvadi State. It has not so far been recorded in any
form from the Central Provinces, Bihar, the United Provinces
or any part of India north and west of these.

The type-form in India has been recorded from Karwar
(Cogill, 1903 ; Puri, . 1930 a, from Bombay Presidency),
Nilgiri HiUs, and Coorg ; also from Ceylon {Carter, 1925).

Bionomics.—A. aitkeni is a wild and shy species, not
frequenting houses or cattle-sheds, though it may rarely
be taken, more or less incidentally, in such situations (JFotoow,

1921; Ckrist., 1925; Bamsay). It has been fed experimentally
on human blood {Barber, 1918). I have observed it in

numbers in the shade of jungle in the NUgiris attempting to

See also Koidzumi, Trans. 6th Congr. P.E.A.T.M. p. 87, 1927.
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feed on man, and it is recorded as feeding on a bull {Senior

White, 1921). It is doubtful if it takes a very active part as

a blood-sucker.

Its breeding places are especially in connection with small

streams, seepage springs, pools, etc., in forest and jungle
;

it has been observed breeding in tea-drains shaded by tea

{Ramsay, Strickland, and Choiodhury, 1928). At Coonoor it is

recorded by Rao (Coonoor) in swamps, marsh, channels,

rivers, rock-pools, wells. (See also Adhikari ; Feegrade,

1927 (Lashio) ; Home ; Iyengar, 1930 ; MacCombie Young,
1928 ; SfMrtt).

It occurs at Shillong, especially towards the end of the cold

season {McCombie Young). It occurs commonly in the hills

at considerable altitudes, but also at lower levels ; it is very
abundant in the Nilgiris at 6,000 feet.

Relation to Disease.—There is no evidence regarding

its playing any part in malaria transmission.

1 a. Anopheles aitkeni var. bengalensls Puri, 1930 *.

Puri, Ind. Joum. Med. Kes. xvii, p. 9.53, 1930 {A. aitkeni var.
bengalensi^). Type loc. : Marianbarie, Bengal Terai, India.
Type : tJ and ? reared from isolated larvae in Brit. Mus. ;

paratypcs in Indian Mus. and collection of Malaria Survey
of India.

Adult.—Does not appreciably differ from A. aitkeni except

in having usually two in place of three spines on external

part of dorsal lobe of harpago.
Larva.—The following distinctions from the type-form

are additional to those already given :—Frontal hairs (median)
reaching to base of ic ; inner sutural and outer sutural

not quite so branched ; da 3 with 2-3 branches instead of

simple. For still other small differences, see Puri, 1931.

DiSTBiBTTTiON.—This form (as indicated by larval characters)

has been recorded from Malay Peninsula ; Java ; Cochin-
China ; Hong Kong f ; India. It is probably a common, if

not the usual, form in which A. aitkeni occurs to the east of
the Indian area.

Recorded in the Indian area by Puri, 1930 a, from Marian-
barie and Sukna, both in the Darjeeling Dist., Bengal.

According to Puri most records from Bengal and Assam are

probably this variety. It is not recorded by Puri from South
and West India, nor are larvae having its characters described

* Stanton 1915, p. 163 ; 1926, p. 42 ; Swell, and Swell. 1919 a, p. 25 ;

Mangk. 1919, p. 76 ; Borel 1928, p. 27 ; Puri 1930 a, p. 956. The
variety should, perhaps, be known as var. fragilia Theo.

t Dr. R. B. Jackson 1932 (British Museum ooUeetion).
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by any author from either South and West India or Ceylon.

The breeding places, according to Puri, are similar to those
of the type.

2. Anopheles pinjaurensis Barraud, 1932. (Fig. 18.)

Barraud, Kec. Mai. Surv. iii, p. 353, Dec. 1932 (A. aitkeni var.

pinjaurensis). Type-loc. : Pinjaur, near Kalka, Ambala Dis-

trict, Punjab. Type : tj (unique) in collection of Mai. Surv.
India at Kasauli.

Adtjlt.—Very similar, except in the characters of the

phallosome, to others of the aitkeni series. It is given as

a variety of A. aitkeni by Barraud, but the very distinct

phallosome is sufficient to show that it is a distinct species.

Fig. 18.

A. pinjaurensis.

Anterior and lateral views of phallosome contrasted with that
of A. aitkeni (shorter figures). (After Barraud.)

Hypopygium : harpago very similar to that of aitkeni

var. bengcUmais ; inner part of dorsal lobe with two spines,

as in that variety. Phallosome very long and large, expanded
at opening, with thickened rim and enth^ly devoid of leaflet*

or processes.

Labva.—^Unknown.
A single specimen only known, recently collected at

Pinjaur, about a thousand miles from the nearest recorded
locality for any of the other aitkeni-]jke species or varieties.
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3. Anopheles insulseflorum Swell. & Swell., 1920 *.

Swell, and Swell., Meded. Burg. Ned. Ind. 1919, D. 9, Addond.,
p. 2 (following p. 118) (Stethomyia aitkeni var. insulmflorum).

Type-loc. : Noesa Kambangan (Isle of Flowers) S. Java.
Typk : location unknown.

Adult.—Indistinguishable, except on the points already

given, from A. aitkeni. The male is readily distinguishable

by the spicular processes on the phallosome.

Labva.—Besides differences already given, the following

are noted by Puri :—Median frontal hair reaching a Uttle

beyond bases of ic ; is and m« with a smaller number
of branches, simple or bifid instead of showing 2-4^ br.,

as in A. aitkeni ; leaflets of palmate hairs more lanceolate
;

saddle-hair often simple.

DiSTBiBiTTiON.—Except for the original type-locality and
the Indian records, this species is mostly recorded from the

Eastern Oriental Region. Recorded from New Guinea
;

Moluccas (Amboina, Ambon, Ceram, Haraku, Sanana)
;

Lesseb Sunda Islands (Alor) ; Java (Noesa Kambangan)
;

Ceylon ; India.
Recorded in India by Puri, 1930 «, from Yellapur,

N. Kanara Dist., Bombay Pres., and from Marianbarie and
Sukna, Darjeeling Dist., Bengal, and in Ceylon by Carter,

1925. Puri's reference to Cogill in regard to record from
Karwar is incorrect.

The breeding places, according to Puri, are similar to those

of A . aitkeni.

4. Anopheles cullciformis Cogill, 1903 t- (Fig. 19.)

Cogill, Joum. Bombay Nat. Hist. Soc. xv, p. 333, Oct. 1903
(A.culiciformis). Type-loc. : Karwar, N. Kanara Dist., Bombay
Pros., India. Type : aeveral co-types, <J and 5, in Brit. Mus.
(vide Edwards, Bull. Ent. Res. xiii, p. 90, 1922). Also described
from same locality, under same name, by James and Liston,
1904, 'Anop. Mosq. India,' ed. 1, p. 122.

The two species A. ctdiciformis and A. sintoni occur together under
similar conditions in some areas on the West Coast and are practically
indistinguishable in the adult stage except for the very distinct male
genitalia. Cogill's description of the basal antennal hair and balancer
hair III of the larva, according to Puri, indicate A. ctdiciformis as now
understood, whilst this author found only A. culiciformis in the locality

investigated by Cogill. There is, therefore, every reason to consider-

the species here called A. culiciformis as the one described by Cogill.

Systematic (incl. larva) : Swell, and Swell. 1919 a, p. 23 (un-
classified larva no. 1), and 1920, Addend, p. 2 ; 1919 b, p. 34 ; 1920 6,.

p. 81; Swell. 1921 o. p. 136; Christ. 1924 c, p. 19; Carter 1925,
p. 67 ; Puri 1930 o, p. 954; 1931, p. 101.

Hypopyoium : Swell. 1921 6, p. 135 ; Puri 1930o, p. 964.

t For references, see next page.
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Adult $ *.—A moderate-sized unomamented dark ano-
pheline (length of wing 2-7-3-8 mm.) ; attitude, Cidex-]ike.

Head with the vertex abruptly narrowed at eyes to form
sulcus-hke groove ; eye-margin at side of head about middle
with an angular indentation. Head-scales over occiput

of normal expanded t3rpe, with 12-15 striations extending
nearly to base ; entirely without usual pale spot on vertex.

Ocular and vertical chsstsB forming continuous Une of dark
chseta extending from postgense to sulcus ;

4-5 darkish
chsetae arising on each side of svdcus, intermixed with some
lightish scales projecting forward to form imperfect frontal

tuft ; a few small lightish scales may extend on to vertex

behind sulcus, but otherwise this area largely bare, head-

scales ceasing abruptly. AntenncB with numerous large dark
scales on first flagellar segment ; one or two sometime.s

on torus. Palpi of moderate thickness, tapering at ends
or blunt, but not clubbed ; often a Uttle shorter than pro-

boscis
;
palpal index 0'6 or more, scahng somewhat erect over

whole organ, giving rather shaggy effect ; scales present on
rudimentary basal segment ; entirely dark.

Pharynx as for the group ; dorsal papiUse 8 in number.
Thorax rather short, rounded, apn with dark chsetas

only
;
propleural hairs 1-2. Mesonotum uniformly coloured,

showing indistinct lines ; duU brown or blackish in colour ;

bajre except for hnes of rather stout dark chaetae ; no scales,

even on anterior promontory. Scutellum with the chaetae

dark and stout ; some smaller chaetae and rather numerous
dark scales usually present. Pleurae dark grey, devoid of
scales : spiracular hairs present (1-2) ;

prealar 1 ; upper
mesepimeral 1-6.

Wing with af somewhat variable ; its length, compared
with pf, often as long as in A. aitkeni, or nearly so ; base
much nearer base of wing than that of^/ ; its length, however,
onlysomewhat longer than its petiole ; index 2. Scaling of the
wing moderately broad ; max. str. 7-9

;
plume-scales notice-

ably broad, giving an effect of broader and more profuse
scaling than in A. aitkeni. Membrane faintly stained,

especially towards anterior margin. Wing entirely devoid
of pale markings.

Legs uniformly dark, without knee-spots or tarsal banding.

Pemora dark to extreme base above and beneath, except
on hind legs, which may be somewhat paler beneath for their

basal quarter. Tibiae uniformly daa-k, sometimes with a very

* Systkmatio : CogiU 1903, p. 333 ; James and Liston 1904, p. 122 ;

1911, p. 61 ; Christ, and Khazan Chand 1916, p. 638 ; Edwards 1922,

p. 90 ; Christ. 1924 c, pp. 20, 81 ; Pun 1929 b, p. 398. See also Theo.
1907, p. 62; 1910 o, pp. 36, 88; James 1910, p. 98; Alcook 1913 6,

p. 169; Christ. 1916 a, p. 463. See also under "Hypopygium" and
" Larva."
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few pale scales at extreme apex or a very small pale triangular

spot. CoxsB pale, devoid of scales. Trochanters with some
scales on fore and mid-legs.

Abdomen dark, with dark hairs ; devoid of scales, even
on cerci.

Adult ^.—In general as in $. Antenrwe with dark
scales on first flagellar segment. Palpi narrowly and fusi-

formly clubbed ; marginal hairs absent or inconspicuous
;

dark, entirely without pale markings. Ungues lacking the

minute spur at base. Abdomen, including coxites, entirely

devoid of scales.

Hypopygium *
: parabasal spines 2 ; both unusually large

and stout, arising from a very distinct lobe-like prominence
;

inner somewhat shorter and stouter than outer ; both sharply
and finely recurved at tip, outer often bifid at extremity.

A well-developed internal spine near apex of coxite. Har-
pagones fused to form a continuous ridge ventrally ; the

usually prominent dorsal lobe scarcely to be distinguished ;

whole harpago as shown in figure, with an ascending row
of large, straight and curved, sword-like chsetae. Phallosome
very large, at least half length of coxite ; carrjong on each
side 5-7 very long, stiff, curved leaflets (see fig. 19, 6). Ninth
tergite without processes.

Pupa.—Very briefly described by Christophers and Khazan
Chand, 1916, p. 644. Paddles orbicular, with a well-marked
fringe ; short terminal hair not much longer than fringe-hairs.

A small lateral spine on II-VII and a plumose spine on VIII.

On V-VII long, simple hairs arising dorso-laterally, nearly
twice length of segment, and projecting at right angles to

body.
Larva

-f.
—Clypeal hairs : ic arising close together, their

bases touching, long, simple, slender ; oc simple, slender,

about J length of ic
;
pc simple, slender, about same length.

Frontal hairs greatly reduced, appearing only as small hairs

with one or two branches ; inner and outer suturals short,

simple or sometimes bifid in former case. Svhantennal hair

forming expanded plate, with numerous fine hairs arising

round edge (fig. 19, 10). Antemnce smooth, dark, narrow
;

hair rising from dorso-external surface, simple, about as

long as antenna is broad, situated ^\ length of antenna
from base ; terminal hair simple ; sabres less than \ length

of antenna ; cone 3-4 times length of finger and nearly as long

• Hypopygium: Christ, and Khazan Chand 1916, p. 641; Puri
1929 6, p. 399.

t Larva: Cogill 1903, p. 333 ; James and Listen 1904, p. 122 ; 1911,

p. 61 ; Christ, and Khazan Chand 1916, p. 638 ; Edwards 1922, p. 90 ;

Puri 1928 6, p. 521; 1929 a, p. 398; Iyengar 1930 o, p. 771; Puri
1931, p. 87.

DIPT.—^VOL. IV. I
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as sabres. Mandible with the two hairs on external surface

minute. Mewtum with four teeth on each side, three dark,

adequal ; a fourth, Ughter coloured and smaller, at end

of row.

Shouider hairs : is short, 7-10 br., without conspicuous

base ; ms 2-3 times size of is, 12-16 br. ; outer short, simple,

arising from basal tubercle of middle hair. Pleural hairs

as for subgroup, except that da\ has 5-8 short branches

(an unusual feature in subgenus Anoplwles) ; da2 and daZ

also with some stiff barb-like branches ; chitinous tubercles

very small, as also the processes rising from these. Hair no. 1

on metathorax developed as palmate hair.

Palmate hairs well developed on II-VII ;
leaflets long,

lanceolate, filament poorly developed, serrations shallow

and scattered along border. Lateral hairs long, stout,

feathered on I and 11 ; single and only half as stout on III,

with some very short, scattered, barb-like branches ; lateral

hairs on IV-VI similar ; on IV with 1-3 short br. ; on
V 5-6 ; on VI 5-11 ; on VII very short, simple, or spHt

near base into 2—4 br. Tergal plates of moderate size.

Pecten with 14-17 long and 11-14 short teeth, which alternate,

all with well-marked serrations ; distal ends of long projections

slightly flattened and with 3-4 deep serrations, ends of

short projections curved upwards
;

pecten-hair with 4-6 br.

ps very short, bifid or tripartite at tip. Saddle-hair long,

simple, osc with a number of short branches rising from
its ventral surface and only two or three long dorsal ones,

with ends only very shghtly hooked.
Lateral and ventral surfaces of larva with minute setse

longer than in most species.

Egg .—Unknown.
Identification.—Distinguishel from A. aitkeni and A. in-

sulcefiorum by the thicker, more shaggy palps and normal
head-scales ; also by its less fragile appearance and darker
coloration. From A. barianensis it is readily distinguished
by the absence of the white scaling on the vertex and white
frontal tuft, as also by the absence of the conspicuous white
scaling on the front of the mesonotum and the white banding
of the apices of the hind femora and tibiae.

From A. sintoni it is distinguished with certainty only
by the larval and male genitalic characters (see under
A. sintoni) ; the shorter palpi in the female and the presence

Wing of ?. 2 & 3. $ and <J palp : 2 o. ? palp, A. sintoni. 4. Ver-
tex. 5. Head-scale. 6. Phallosome, standard scale. 7. Apical
portion of phallosome, A. rintoni, some scale. 8. Harpago,
standard scale. 9. Ditto, A. sintoni. 10. Subantennal hair
(after Puri). U. Ditto, A. aintoni (after Puri). 12. Tips of inner
and outer parabasal spines (outer on left). 13. Front tarsal
claw of (J.
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•<??\
A. cidiciformis ; also A. sintoni (2 o, 7, 9, 11).

(For explanation of figure, see opposite page.)
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of some hair-like inconspicuous scales on the median area

of the mesonotum in A. sintoni may be used as a general

guide to distinguish the two species.

Distribution.—Not recorded outside the Indian area,

and in India only from the West Coast, from Savantwadi
State to Malabar. The following records are given by
Covell :

—

Savantwadi State ; Goa ; N. Kanaka Dist.

(Karwar, Kadra) ; Malabar Dist. (Pudapadi, Calicut).

Specimens from all these locaUtios are in the Malaria Survey
collection. The record from Nilgiris, included in Covell's

1931 summary, is too doubtful to include (vide Covell, 1927).

Bionomics.—A forest species found breeding in holes in

trees and by Cogill in jungle-pools. There is no record of its

having been taken in houses or of biting man.
Relation to Disease.—There is no evidence regarding

any role in malaria transmission or power to transmit {Christ.

and Khazan Chand, 1916).

5. Anopheles sintoni Puri, 1929 *. (Fig. 19.)

Puri, Ind. Journ. Med. Res. xvii, p. 401, 1929 {A. sintoni).

Tyfe-i,oc. : Calicut, Malabar Dist., S. India. Tvpk : cJ and $
types in Brit Mus. ; paratypes in Indian Mus. and Malaria
Survey of India collection.

Adult.—Very closely resembles A. culiciformis, except
in male genitalic characters, which are very distinct. Among
external points of difference, Puri, 1929, gives the following :

—

Female palpi usually shorter than the proboscis by nearly

a quarter the length of this organ ; among the large setae

on median area of scutum arc a number of short, golden,

lanceolate scales with about throe striations ; large setae

on scutum lighter in colour, especially on lateral area.

Hypopygium : parabasal spines 2 ; as in ^. culiciformis,

but larger ; other characters of coxite as in j4. culiciformis.

Harpagones fused in middle line as in A. culiciformis, but
with differences in the spines and with numerous non-papillate

hairs arising from the median area. Phallosome about half

length of coxite, distal end narrowed and carrying laterally

two beard-like hairy expansions, apical to which are a number
of short processes (contrast the very characteristic phallo-

some of culiciformis).

Larva.—Resembles A. culiciformis, but differs in a number
of characters. Frontal hairs very short, but feathered

;

subantennal hair not formed into a plate, but with branches
only. Mentum with four teeth on each side of median tooth,

all equal in size and equally dark. On the thorax hair

Puri 1929 6, p. 402 ; 1930 6, p. 43 ; 1931, p. 92.
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no. 13 is stout and spinous instead of slender and inconspicuous,
as in A. ctdiciformis. Pleural hairs : dal simple, not
branched as in A. culiciformis ; dpi split into 2-4; va2
barbed. Palmate hairs on II about equal to those on suc-

ceeding segments, not smaller as in A. culiciformis ; leaflets

longer and more fusiform. The lateral hairs on I and II

normal, but on III-VI long and stout, with long conspicuous
branches. Spiracular apparatus as in A. culiciformis

;

ps very short, with 3-4 br. Saddle-hair split at f its length
from base into 2-3 br. Distal ends of large teeth on pecten
not split into teeth, but entire and blade-like. For other
differences, see Puri, 1931.

Distribution *.—Not recorded outside the Indian area.

Recorded in India by Puri, loc. cit., from Pudapadi and Calicut,

Malabar Dist., Madras Presidency.
Bionomics.—F'ound breeding in tree-holes in the forest

in company with A. culiciformis.

Relation to Disease.—Nothing is known of its habits
otherwise or powers of transmitting malaria {Puri, loc. cit.).

6. Anopheles barianensis James, 1911 f- (Fig- 20.)

James, iu James and Listen, Anop. Mosq. of India, ed. 2, p. 76,

1911 (A. bariancnsis). Type-loc. : Barian, near Murree,
Western Himalayas, India. Type : 2 described

;

type in

Brit. Mus.

Synonym :

? intermedium Schingarew, 1928, Russ. Journ. Trop. Med. vi, p. 49
{A. intermeditis) ; Martini, Flieg. Pal. Reg. p. 169, lW.iO{A.mgripes,
intermedius). Typb-loc. : Turkestan (?). Syn. by Edwards,
Gen. Insect, p. 39, 1932.

Given by Christophers, 1916, as synonymous with A. plumbeus,
but shown later by Edwards, 1921, to differ in some respects. Known
in India for some time as A. plumbeus var. bariancnsis, biit it is clear

from the larval characters as given by Puri that it is a distinct species

Adult $.—A medium-sized to large dark anopheline (length

of wing 3-2-4-4 mm.) ; attitude anopheline-like.

Head' with interocular vertex triangular. Scales over

occiput of normal character, forming a pronounced pale

vertical spot ; vertical chaetae pale, few in number ; ocular

scales forming dense white area ; anterior portion of inter-

ocular space with very numerous elongate white scales

;

frontal tuft very conspicuous and milk-white. AntenncB

with some small scales on t ; dark scales on first fs. Palpi
about same length as proboscis, thin, cylindrical and smooth

;

* Puri 1929 6, p. 402 ; C!ovell 1931 a, p. 29 ; 1931 6, p. 14.

t James and Liston 1911, p. 76; Christ. 1916 b, p. 489; 1916 a,

p. 475; Edwards 1921 fc, p. 272; Christ. 1924 c, pp. 20, 81. See also
" Hypopygium," " Pupa," " Larva,"

~
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apical segment somewhat swollen, giving slight clubbed effect ;

palpal index 0'56
; scahng appressed over greater part of

organ and present on rbs ; entirely devoid of y^alo markings.
Pharynx as for the group : dorsal papillae 12 in number.
Thorax of usual proportions, apn with dark chsetee

only
; propleural hairs 2-4. Mesonotum with median area

silvery grey, with frosted appearance in certain Ughts
;

fossse and lateral areas dark ; on median area narrow white

scales extend about half-way to level of wing-roots ; no lateral

scale-tufts on anterior promontory ;
lateral areas bare

except for cha;ta? ; chatse and hairs pale in median area, dark
on lateral areas or lighter towards margin. Scutollum with
dark hairs laterally and paler in median portion. Pleur*
darkish, sometimes with one or two dark scales ; spiracular

hairs present (3) ;
prealar 5-6 ; upper and lower sternopleural

forming continuous line of about 20 hairs ; upper mesepi-

meral with about 6 large and 10 smaller hairs.

Wings : of about | length of wing ; its base only slightly

nearer wing-base than that of pf ; length of cell about half

as long again as petiole ; index 1-6. Scahng rather profuse,

the scales rather long, with tendency to have pointed ends ;

laterals well developed and nearly meeting those of other
veins in region of a/ ; max. str. 10-11. Wing entirely devoid
of pale markings.

Legs : femora not swollen in basal half, dark nearly to

base above but somewhat paler in basal half beneath, the
apices with a conspicuous white band about as long as femur
is broad; tibia dark, with white ring at termination somewhat
narrower than that on femur ; tarsi entirely dark. Coxse
noticeably pale, with dark hairs on first pair ; devoid of scales.

Trochanters all with hairs and scales.

Abdomen dark, with dull grey hairs ; devoid of scales, even
on cerci.

Adult (J.—In general as in $. Antennce with some dark
scales on first flagellar segment. Palpi somewhat diffusely

clubbed, apical segment rather rounded at end, preapical
narrow towards base ; marginal hair series imperfectly
developed, only about seven inconspicuous hairs along ventral
edge of apical segment and one or two on preapical segment.
Ungues with a basal spur. Abdomen with a few dark scales

on coxite.

Hypopygium *
: parabasal spines 2 ; inner a little shorter

than outer ; both recurved at apex. A large internal spine
about f down coidte, recurved at apex. Harpagones with
three flattened spines on the chitinised dorsal lobe, the

* HYPOPyomM: Christ. 1816, p. 385 ; 1916 6, p. 492.
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Fig. 20.

A. barianenais.

Wing of 9. 2 & 3. $ and ^ palp, same scale. 4. Apical segment
of (J palp. 5. Vertex. 6. Phallosome, standard scale. 7. Har-
pago, same scale. S. Dorsal lobe as it may appear if not fully

dimlayed. 9. Clypeal hairs of larva (after Puri). 10. Third
abdominal segment, to show spine-like character of hair 5 (hair ft

is very similar) (after Puri).
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narrower of those often appearing as a narrow sharp spine

when seen on edge, others not always distinguishable as

two unless suitably flattened ; two large sharp spines on crest

ventral to the first-mentioned ; a smaller spine, usually with
a still smaller additional spine, on internal portion (fig. 20, 7).

Phallosome simple, papilliform, with rounded end. Ninth
tergite with edge of triangular area blunt, everted.

Pupa *.—According to Senevet resembles closely A. pluni-

beus, differing only in a few minor particulars. The following

is taken from Senevet 's description for A. plumbeus :

—

Paddle : external border with some minute spines in

posterior half, which are larger passing backwards, and are

replaced in posterior J by hairs. Paddle-hair short, thick,

chitinised ; accessory hair of equal length but hair-Kke

;

a dark chitinised ring round base of paddle.

Spine : {VI11) withmit branches or with minute-, scarcely

visible hairs, bifurcate at end (simple in barianensis), accessory

hair half length of spine
;

(IV-VII) short and pointed,

I length of segment
;

(III) a little shorter and stumpier
;

{11) abisent.

Hair B : (VI-VII) thick and pointed, half length of seg-

ment ; (II-V) hair-like, somewhat shorter.

Hair C : (VII) minute, bifurcate
;
(VI) duplicated (bifurcate

in barianensis)
;
(II-V) small, simple.

Other hairs on segments II-VII are few, small, simple,

or bifurcate.

Lahva *.—Full-grown larva dark grey ; head more or

less uniformly very dark.

Preclypeal hairs long, simple. Clypeal hairs all simple,

slender (see fig. 20, 9). Frontal hairs reduced, simple, minute.
All other hairs of head simple. Subantennal hair very small,

simple, and inconspicuous. Antenna smooth, dark ; hair

arising from dorso-external surface a little below middle
of antenna short, simple, less than width of antenna in

length ; terminal hair simple or 2-3 br. ; sabres short

;

cone very long, being half length of sabres and twice length
of finger. Mandible without usual row of setae on dorso-

extemal surface. Maxilla with palp covered with fine

setae ; cone very short and dark. Mentum with an even
row of five teeth on either side of median tooth, the last

small.

Shotdder hairs : is short, without basal tubercle ; ms with
large basal tubercle, stout ; outer short, simple. Pleural
hairs as given in subgroup, but dp3 very minute and vp3

• Pota : C!hri8t. 1916 6, p. 495 ; Senevet 1930, p. 345 ; 1931, p. 82.

t Laeva: Christ. 1916 6, p. 493; Edwards 1921 6, p. 272 ; Puri
1928 6, p. 521 ; Iyengar 1980 o, p. 771 ; Puri 1931, p. 83.
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simple. Hair no. 1 on metathorax not developed as palmate
hair.

Palmate hairs well developed on II-VII, the hair repre-

senting these on I simple or with 2-3 br. Leaflets uniformly
coloured, lanceolate, with a few ill-defined indentations on
distal portion. All hairs of abdomen comparatively thickened
and spine-like, noticeably no. 5, lying just dorsal to lateral

hair, and no. 9, lying ventral and posterior to this hair, which
are developed into characteristic very stout triradiate spines.

Lateral hairs on I-VI long and stout, on I-III feathered
;

on VII very short. Tergal plates fairly small, except that on
anal segment, which is very large, its edges nearly meeting
in ventral line. Spiracular chitinisation sUght. Pecten with
12-14 long and 4—5 short spines, all serrated in their basal

portions
;

pecton-hair short, ps long, simple, osc with 6-8
branches, nearly all very long, with hooked ends. The
minute setae on the ventral surface are poorly developed.

The larva of A. plumbeiis differs notably from that of

A. barianensis in that hairs nos. 5 and 9 on the abdominal
segments are not developed into the stout, dark brown
tripartite spines so characteristic of the latter species

;

oc branched ; lateral hairs on IV-VI much more feathered.

Egg *—Somewhat lozenge-shaped, broad in middle,
pointed towards each end ; completely surrounded by
a broad striated frill about ^ total width of egg ; frill

of a distinct thickness, with rounded edge. Upper surface

not so convex as lower. Lower surface with some silvery

polygonal markings.
Ii>ENTmcATiON.—The unspotted wings and conspicuous

frontal tuft and femoral knee-spots at once distinguish this

from any other Indian species.

From the European A. plumbeiia it is distinguished in the
adult by the much greater development of white at the

apices of the femora and more extended white scaling on the
mesothorax. The genitalic characters are very similar.

For differences in the larval and pupal characters, see under
these respective sections.

From A. claviger (bifurcatus), which occurs in East and
Central Asia, it is distinguished at once by its darker colour

and more vivid, almost silvery ash-grey median area of the

thorax ; also on genitalic characters. The somewhat similar

North African A. marteri has a pale tache at the end of the

wing.

Distribution.—Not certainly recorded outside the Indian

area, but probably occurs in Tuekestan (if A. intermedins

• Ego : Christ. 1916 b, p. 492 ; Christ, and Borraud 1931, p. 172.
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is correctly quoted as a synonym). In the Indian aror.

apparently restricted to the North-West Himalayas at

altitudes of 5,000-8,000 feet. Recorded in Covell and
Christophers, 1931, from Barian, Murree, Simla, Kasauli,

Kangra Dist. (Naggar and Sil Madhani), and Kashmir (Dal

Lake, Srinagar).

Bionomics.—The habits are described by Christophers,

1916. Specimens of A. barianensis are commonly captured

at dusk attempting to feed. In parts of Simla, where this

species is common, it freely attacks man in the evenings in

verandahs, houses, etc., but is chiefly found in the day resting

inside hollow trees in the neighbourhood, many in such

situations being gorged with blood, probably, to a large extent,

of human origin. The species feeds readily under artificial

conditions.

The larv» are found only in collections of water in tree-

holes, the water having the usual deep brown coloration seen

in such situations. At Simla such breeding places were

chiefly in oaks. Under artificial conditions the larvae

greedily attack and gorge themselves on fragments of crushed

insects thrown on to the water, and their behaviour suggests

that this may be in nature an important element in their

food-supply. According to Puri, 1931, larvaj show great

individual variation in the time taken for growth, larvae

of various instars being present even when these have been
hatched from the same batch of eggs. Like other tree-hole

larvae {A. annandalei, A. cuUciformis), they are very readily

reared provided food of the nature indicated above is given
;

they appear much less affected by the usually adverse

environment accompanying artificial breeding than are most
anophelines.

According to Kalmykoff (quoted by Schingarew), larvae

of A. intermedius were found in a temporary artificial ground-

pool in a wooded ravine, the pool being shaded and with

a thick layer of dead leaves on the bottom.

Relation to Disease.—The species does not appear
to be associated with any prevalence of malaria in the con-

ditions under which it is found in nature. There is no
experimental evidence regarding its powers of transmitting

the disease.
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7. Anopheles lindesayi Giles, 1900 *. (Fig. 21.)

Giles, Handb. ed. 1, p. 166, 1900 (A. lindesaii) f. Type-loc. :

Bakioh, Western Himalayas, India. Type : '^ in Brit. Mus.

Synonym :

marulata Theo., 1910, Kcc. Ind. Mus. iv, p. 1 {A. lindesayi var.

maculata}. Type-loc. : Kurseong, Darjeeliiig Dist., Eastern
Himalayas, India. Type : described from 1 $ ; typo in

Indian Mus., Calcutta. Syn. (of typo-form) by Christ., Ind.
Med. lies. Mem. no. ;i, p. 24, 1924.

Recognized Vabibties :

japonicus Yamada, Eiseig. Denseiib. Zass. xiii, p. 689, 191.S

(in Japanese) : see Yamada, Sci. Repts. Govt. Inst. Inf. Dis.

iii, p. 222, 1924 (A. japonicus). Typk-loc. : Kanayama,
Hokkaido (??) and Mt. Myogi (3,000 feet) (cj). Japan. Type i

3 ij;?, 1 cj. Not recorded from the Indian area.

pleccau Koidzumi, Daiw. Kenk. Hokoku, viii, pp. 17, 28, 34,

1920 (in Japanese) : see Yamada, 1924, p. 219 ; see also Koidzumi,
Trans. 0th Congr. K.E.A.T.M. p. 97, 1924 (A. pleccau). Type-i.oc. :

Musha (3.700 feet). Formosa. Type : paratype in Brit. Mus.
Not recorded from the Indian area.

nilgiricus Christ. : seo under A. lindesayi var. nilgiricus.

cameronensis Edwards, Bull. Ent. lies, xx, p. 323, 1929 (A. linde-

sayi %ar. camcronensis). Type-i.oc. : Cameron Highlands (5,000
feet), Malay Peninsula. Type : type V and allotype (J in Brit.
Mus. Not recorded from the Indian area.

bcnyuetcnsis King, Phil. Journ. Sci. xlvi, p. 753, 1931 {A. lindesayi
var. bcnguetettsis). Type-loc. : Baguio, Benguet, P.I. Type :

9 reaied from larva. Not recorded from the India area.

Adult $.—A large dark anophelinc (length of wing
3-8-5 mm. ; some very large specimens may have the wing
6 mm. and rival A. gigas in size.

Head with vertex not specially narrowed between eyes.

Scales over occiput of normal character ; a rather small

white vertical area continued forwards in median line as

a band of rather broad white fusiform scales ; vertical chaetsp

white, about ten on each side, forming single line, the anterior

.somewhat thickened at ends. Antennce with t bare ; a few
dark scales on first fs. Palpi about as long as proboscis

;

long, thin, and smooth, terminal portion often appearing
slightly thickened ; apical segment long, index 0-66. Scaling
rather broad, black, appressed over greater part of organ

;

scales present on rbs ; the organs entirely devoid of pale

markings.

* Systematic : James and Listen 1911, p. 62 ; Christ. 1924 o, p. 11 ;

Yamada 1924, p. 222; Christ. 1931, p. 321; King, 1931, p. 754. Seealso
Giles 1901 6, p. 160 ; 1902, p. 323 ; Theo. 1901 a, p. 203 ; 1902, p. 381 ;

1907, p. 40; 1910 o, p. 14; 1910 6, p. 1; Blanchard 1905, p. 169;
James and Listen 1904, p. 117 ; Christ. 1916 a, p. 470 ; 1924 c, pp. 24,

83; 1926, p. 876. See also pp. 124-127. footnotes. For non-Indian
varieties see references given under "Varieties" and Christ., 1931,

p. 321.

t See King 1931, p. 754, who notes Blanchard's correction to
A. Kndaittgi.
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Pharynx as for group ; dorsal papillae 8.

Thorax of usual shape, apn with a dense tuft of erect

scales ; propleural hairs 3-6. Mesonotum with median area

markedly hghter than fossai and lateral areas ; erect pale

scales on middle of ap and continued back on mesonotum
a short distance ; a few dull scales on lateral portions of

jirornontory ; median area mainly covered with rather pale

chseta? and small pale hairs ; fossa? and lateral areas bare

except for ehsetae. Scutellum with dark chasta' laterally and
light cha^tse in middle area. Pleurw darkish, with a pale

horizontal line, devoid of scales ; spiracular bristles absent
;

prealar about 5 ; sternopleural with 2 in upper group and 3

in lower ; upper mesepimeral 8 or more.

Wings with af somewhat over | length of wing ; base

only slightly nearer base of wing than that of pf, about half

as long again as its petiole ; index 1-7. Scaling rather profuse

and compact ; squames and lateral scales somewhat broadly
fusiform ; max. str. 9-10

; somewhat larger scales present

at cross-veins (inner end of veins 2 and 3) and sometimes
at bifurcations, giving the wing a variable degree of dark
primitive spotting. Markings as shown in fig. 21, 1 (see also
" Variation ").

Legs : fore femora slightly swollen in basal half. Fore
and mid-femora dark nearly to base above and beneath,

also at apices except for some indefinitely pale scales about
joint which give appearance of imperfect knee-spots. Hind
femora (fig. 21, 4) with a broad white band occupying about

I before distal I of femur, also white beneath for about
its inner ^ ; apex with a few pale scales about the joint.

Tibia; dark, without any definite apical pahng. Tarsi entirely

dark. Coxae palish, without scales. Trochanters pale, the
first only with scales.

Abdomen dark, with lightish hairs ; devoid of scales, even
on cerci.

Adult ^.—In general as in $. AntenncB with some dark
scales on first /s. Palpi about as long as proboscis, clubbed

;

apical segment as long as penultimate ; marginal hairs on
apical segment few and inconspicuous, on penultimate
segment forming complete series, two to three deep, on
both margins of ventral aspect of segment ; apical hairs of

segment 3 forming a dense tuft ; hairs fine, numerous, rather

silky; palp entirely without pale markings. Ungues with
spur. Abdomen entirely devoid of scales, even on coxites.

Hypopygium *
: parabasal spines 2 ; inner a little shorter,

but about same thickness as outer, bent at tip ; outer straight,

* Hypopygium: Christ. 1915, p. 388 ; King 1931, p. 754 (benfi-tte/enaw).



Fig. 21.

l/lOO mm Standard scale
for leaflets

A. Undeaayi.

Wing of §. 2 <& 8. $ and <J palp, same scale. 4. Hind femur,
type-form. 5. Ditto, var. nilgiricus. 6. Vertex. 7. Harpago,
standard scale. 8. Leaflets of one side of phallosome, type-

fonn ; standard scale for leaflets, i. e., half again that for harpago
and full phallosome. 9. Leaflets, var. nilgiricus, same scale.

10. Clypeal hairs of larva (after Furl). 11. Mentum (after Puri).

12. Pore tarsal claw of (J.
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not bent nor hooked at tip. One, or sometimes two, well-

developed internal spines about middle of coxite. Harpa-
gones : dorsal lobe with three flattened chastie ; a large

single spine on crest; a shorter, thinner spine on inner lobe

(see fig. 21, 7). Phallosome rather narrow and long, carrying

a large number of very fine noedle-liko leaflets, with a few,

somewhat flatter and broader, arising in several rows from the
membrane and numbering on each side 18-20 or more. Ninth
tergite with a blunt triangular expansion.

Pupa *.

—

Paddle : index 1-66 ; external border with
.small spines towards base, rapidly becoming hairs which,

on the posterior and internal border, form a complete fringe,

hairs reaching yVi length of paddle ; paddle-hair about |

length paddle, slightly curved ; ace. hair f length paddle-

hair, simple.

Spine : (VIII) with 3-4 lateral branches and dividing

apically into two ; ace. hair as long as spine, simple
;
(V-VII)

curved, pointed, about half length of segment; (II-IIl)

minute, unchitinised

.

Hair B : (III-VII) as long, or almost as long, as segment,
with 3-4 br. on segs. VI-VII, 3 br. on III-V.
Hair C : (VII) as long as segment, 3 br. ; (IV-VI) as long

as segment, 2 br.
;
(III) as long as segment, 3-4 br.

Hair 5 simple on seg. VII (simple IV-V, doubtful other

.segments).

Laeva "j-.—Head with a broad median black area extending
from posterior end of the frons-clypeus to beyond bases

of frontal hairs, always very characteristic.

Clypeal hairs all slender, simple, the pc sometimes bifid
;

ic with bases nearly touching. Frontal hairs not reaching
bases of ic. Subantennal hair normal. Antenna darker
in distal half, with rather large spines on basal half; hair

arising |-| from base, a little longer than width of antenna,
branched (6-9) ; terminal hair long and spht about middle
into 3-4 br. ; cone J length sabres and twice length finger.

Mentum with a row of four teeth on either side of median
tooth, first and last smaller than the other two, which are

adequal and sharp-pointed.

Shoulder hairs : inner without conspicuous tubercle, short,

with about 10 br. ; middle stouter and about twice as long
as inner, with about 12 br. ; outer short, simple, arising

independently. Pleural hairs as given for subgroup. Hair

* Pcpa: Senevet 1931, p. 93 (as A. gigas var. aimlensis : seeSenevet
1932.

t Lauva : Puri 1931, p. 103. See also Steph. and Christ. 1902 a, p. 14

;

James 1902, p. 43; James and Listen 1904, p. 117; 1911, p. 62;
Strickland 1925, p. 561 ; Puri 1928 6, p. 521.
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no. 1 on metathorax forming weU-developed palmate hair,

with 15-22 lanceolate leaflets.

Palmate hairs well developed on II-VII ; hair no. 1 on I

very short, splitting about middle into 3-4 br. Leaflets

uniformly dark brown, filament differentiated but broad
at base, indentations at base shallow and extending along
eflge. Lateral hairs on I-lII long, stout, feathered ; on
IV very long, slender, splitting near base into 3 br. ; on
VI-VII very short, 3-1) br. Tergal plates fairly small.

spc well developed, nearly touching anterior portion of mps,
which is fairly broad. Peden with 9-13 large, 6-8 short

processes, all slender, ps long, dividing near base into 4-5 br.

osc with 6-7 long br., the ends of which form hooks ; some
(mds of isc also slightly curved.

Eg(j *.—Upper surface narrow ; with an anterior and
posterior demarcated area of about equal length, each about

1^, of egg-length. Lower surface with a polygonal network.
iloats very long and broad, occupying about middle f of

egg-length, touching margin of upper surface throughout
their whole length ; float-torminations very large, flat,

rounded : float-ridges about 20. Frill narrow, ending u.sually

in .short tag at float-junction.

Variation.—There is a considerable amount of variation

in the pale spots at the ends of certain veins in the type-form.

Most usually there is a pale spot at the end of 3, 4.2, 5.2 and 6,

but any of these may be missing, though practically never
all, and 4.2 rarely ; in addition, there may be pale spots at

either or both 2.2 and 4.1. White bases to the fore and mid-
femur are usually not conspicuous, as they are in the southern

forms, but in well-marked specimens they may be quite

vivid.

The following table gives the chief characters of the

described varieties of A. lindesayi :

—

1. All vein-tenninations dark except 2.1

and 6 2.

At least one other vein-termination with
pale spot 3.

2. Hind femur with a pale ring at base equal
to j} the distal white band ; remigium
with dark scales cameronensia.

Hind femur with the pale ring about equal

to the diameter of the femur in length

;

remigium with yellow scales nilgirictis.

3. Hind femur with ventral aspect pale for

i of its extent at base 4.

Hind femur with J or less pale ventrally

at base 6.

» EOG : Gill 1912 6, p. 3 ; Christ, and Barraud 1931, p. 172.
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4. Hind femur with a line of dark scales on the
dorsum extending to, or nearly to, the
trochanter type-form *.

A broader area of white at base of hind
femur dorsally pleccau.

5. Hind femur dark above nearly to trochanter

;

usually pale for about J of its length
ventrally at base japonicus.

Hind femur usually pale for once or twice
its diameter at base dorsally ; usually
about the same amount ventrally or up
to J its length bemjuetensw.

Identification.—The characteristic markings of the hind
femora, without the presence of outstanding scales, at once
distinguishes this species f. For identification of the tjrpe

and variety, see table given in section on "Variation" and
under A. lindesayi var. nilgiricus.

Distribution.—A. lindesayi has been recorded from a
number of locaUties at high altitudes in different parts of the
Oriental Region and also at lower altitudes in Japan and
North China, always in one of the varietal forms alreadj'

mentioned. The type-form is not recorded out of the Indian
area.

In the Indian region the type-form is restricted to the
northern areas, being recorded from numerous localities

along the Himalayas, in the hills of the N.W.F. Province
and Baluchistan and the Khasi and Jaintia Hills, Assam
{Covell and Christophers, 1931).

Bionomics.—A. lindesayi is a montane species most
prevalent at altitudes of 4,000 feet or over and recorded
at 8,940 feet elevation {Oill, 1920). It is a wild species not
specially frequenting houses, but found several times in houses
at about 3,500 feet {Strickland and Chowdhury, 1927),
and also not infrequently taken in the village houses about
Kasauli ; it is stated to enter houses freely in search of food
(Oill, 1923). It feeds readily in nature and experimentally
on human blood, and was found feeding freely throughout
the day in a small wood at an altitude of 7,500 feet at Shillong
{Shortt, 1924), and biting freely at dusk near its breeding
place by Gill, 1912, who also (1923) fed this species experi-

mentally.

Breeding occurs especially in small clear pools in the rocky
beds of mountain torrents, but also in miscellaneous breeding
places such as pools and ditches connected with gardens

* Var. maculaia, described by Theobald, is a specimen showing
the dark spots on the wing-field due to scale-aggregation (primitive
spotting) rather prominently, as is common in well-developed examples
of the typical form.

t The closely allied A. wellingtoniamis (of Malaya) is similarly
coloured, but is distinguished by the black scales at the tip of the hind
femur being suberect, forming a tuft ; see also A. aaiaticua and
A. annandalei.
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or cultivation in the hills. Larvae are still to be found
in reduced numbers throughout the cold season. The adult

insect has been found resting among rocks and boulders
near breeding places {Oill, 1923).

Relation to Disease.—Gill (1923) infected one out of four

dissected with the parasites of B.T. malaria (oocysts). There
is no evidence of its actual implication in malaria transmission
in nature.

7 a. Anopheles lindesayi var. nilgiricus Christ., 1924*.

Christophors, Ind. Journ. Med. Ros. xii, p. 13, 1924 {A. lindeftayi

var. nilyiricus). Tyi'e-loc. : Nilgiri Hills, South India. Type :

cJ and 9 in 13rit. jVIua.

Adult.—Differs from type-form as follows :—Hind femora
dark at base except for a conspicuous milk-white ring at

extreme base about as long as femur is wide ; similar rings

on other femora. Distal white band on hind femur less

extensive, about 1- in place of J of the femur-length measured
on its dorsal part ; femur more swollen distally. None
of the wing-v(iins show any white spots at their terminations
except 2.1 (which enters the apical spot) and 6 ; vein 3
generally more extensively pale ; knee-spots more pronounced

;

there is a slight difference in the Nilgiri form being somewhat
more golden, as against a silvery tint in the northern form,
and the southern form is distinctly larger.

Hypo'pygiuni : leaflets of phallosome distinctly stouter,

less needlo-hke, some of them serrated. Harpago not dis-

tinguishable from that of the type.

Lakva.—Differs from type-form in the following re-

spects :—Given by Puri as larger (6-8 mm.). Head-spots
distinct and separate, not forming continuous median dark
area, ic relatively longer, spines on antenna more numerous

;

antennal hair rises nearer base (g—yV length) ; terminal hair

usually simple. is with 13-15 br., not scattered, but
closely set. Lateral hair of III with fine, short, barb-like

branches, much shorter and finer than in type-form. Peoten
with 9-11 long and 9-13 short br.

Distbibution.—Occurs at considerable altitudes (6,000-

8,000 feet) in the Nilgiri and other plateaus in the extreme
south of the Peninsula. It has not been recorded from Ceylon
{vide Covell and Christ., 1931).

Bionomics.—The breeding places are similar to those of the

type-form {Puri, 1931).

Relation to Disease.—There are no observations on its

power of transmitting malaria experimentally, or evidence

that it may act as a carrier in nature.

* Christ. 1924 a, p. 11 ; Puri 1931, p. 107.

DIPT.—^VOL. IV. K
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8. Anopheles gigas Giles, 1901 *. (Fig. 22.^

Giles, Eiitom. Montii. Mag. ser. 2. p. 196, 1901 (.4, gigas).

Type-loc. : Coonoor, Nilgiri Hills (6,000 feot), S. Iiidin. TvpE :

1 <J and 2 '+-i^ cotypo.s in Brit. Mus.

Recognized Vahikties :

formosus Ludlow, 1909, Canad. Entoni. xli. p. 22 (A. formosus).
TYPE-Lor. : Camp John Hay, Benguot, Luzon, P. I. Type : •+

described; type '} in U.S. Nat. Mus. {vide I>yar and Shannon,
1925, p. 86). Not recorded from Indian ansa.

simlcnuin James, 1911 : see under A. gigas \'ar. nimlensis.

refutnns Aleock, 191o : see under A. gigas var. rrfutans.

baiU'yi Edwards. 1929 : see under A. gigas var. baik-i/i.

An unnamed variety is also recorded from Sumatra and described by
Swelleng., 1920 {?), p.'ie ; 1921, p. !29 ; for larva, see Swell, and Swell.,

1919 a, p. 24 (unclassified larva no. II).

Adult $.—Very large, with light-coloured, conspicuously
spotted wings (length of wing 5-6 mm.) ; attitude anopheline.

Head with scales of normal type, with a rather narrow
creamy vertical spot ; vertical ohata> pale, ending in front

in a large cluster of cheetae and elongated scales, which,
with the ocular scales, form a conspicuous frontal tuft.

AntenncB with some small dark scales on t and darkish and
paler scales on first, usually also on sc^eond, fs. Palpi with
index 0-56. Rather thin, but scahng somewhat erect,

especially toward base, giving a rough effect : dark , unhanded,
or with a few pale scales at some or all of the joints ; apex
dark.

Pharynx as for the group ; dorsal papill* 10.

Thorax : apn with dense tufts of dark truncated scales
;

proploural hairs about 12, stout and long. Mesonotum with
median area pale, fossae and lateral areas brown ; median
area with numerous light chaetse and light yellowish scale-

like hairs, latter becoming a conspicuous tuft of narrow, erect

* Systematic : James and Listen 1911, p. 64 ; Christ. 1924 o, p. 12 ;

1931, p. 317. See also Giles 1901a, p. 196; 1902, p. 316; Theo.
1901 6, p. 308 ; 1902, p. 374 ; Blanchard 1905, p. 184 ; Christ. 1924 c.

pp. 25, 84 ; Yamada 1924, p. 240 ; Edwards 1926, p. 23 (distinct from
edward^i). See also references on pp. 133-4 (footnotes).

1. Wing of $, var. simUnsia. 2. ? palp, type-form, usual appearance.
3. Ditto, var. aimlensis, same scale as wing. 4. <? palp, var.
simlensis. 5. Vertex, var. simlensia. 6. Apical portion of hind
femur, var. aimlenaia. 7. Ditto, type-form. 8. Leaflets of one
side of phallosome of type-form, standard scale for leaflets.

9. Harpago of type-form, /<, standard scale. 10. Dorsal lobe
of harpago, var. ainUensia. 11. Leaflets of phallosome, var.
aimlenaia, standard scale for leaflets. 12. Dorsal lobe of harpago,
va.". aimlenaia, standard scale for leaflets. 13. Leaflets, var.
baileyi. 14. Processes of 9th tergite, var. aimlenaia. 16. Para-
basal spines, var. aimlenaia. 16. Pleural hairs of prothorax (after
Puri). 17. Base of front tarsal claw of (J.
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scales on median area of ap ; flat, dark scales present on
anterior face of promontory laterally ; lateral areas with
numerous pale chsetae ; fossae with some scattered pale hairs.

ScutoUum with large and smaller hairs conspicuously light

coloured. Pleurae darkish, with horizontal pale bands in the

usual positions ; devoid of scales ; spiracular hairs about 10,

forming rather dense tuft ; prealar hairs about 15 ; upper
mesepimeral 20 or more ; upper and lower groups of sterno-

pleural about 4 and 7 respectively, or may be more.
Wings with a,f about \ of wing-length ; petiole about half

length of cell ; index about 1-6 ; boldly ornamented, as

shown in fig. 22, 1, for the variety, but differing in certain

details, notably in absence of pale interruption on costa and
vein 1 towards apex, so that there is a continuous, or nearly

continuous, dark area between apical and subcostal pale

areas ; also a pale spot on outer half of vein 6 : inner accessory

spot continues to extreme base of costa. Apical pale spot

extends to just before 2.2 : fringe dark from 2.2 inclusive,

with pale fringe-spots at 3, 4.1, 4.2 and 5.1, as well as a large

spot (present in all the forms) between 5 and 6. Scaling

rather compact and defined ; scales rather broad, fusiform

or clavate, max. str. 9-10. Halteres dead black, contrasting

with the pallid base.

Legs with front femora distinctly swollen in basal half.

Femora of all the legs dark brown, often somewhat mottled,

with a pale band at extreme base not exceeding width of

femur in length and not strikingly white ; apices narrowly

pale. On mid-femora a pale spot may be present towards
tip, but is usually not conspicuous unless leg is viewed some-
what from posterior aspect, so that pale area at back of joint

and extending somewhat on to femur and tibia is displayed,

when it can be seen that any spot present is a small extension

of this ; this effect is quite distinct from the large conspicuous
dorsal spot seen in var. simlensis and var. baileyi. Tibiae

in all legs pale at base and tip, on hind legs with a triangular

pale area at the swollen tip. Tibio-tarsal and tarsal joints

narrowly pale-banded, usually about equally basal and apical.

Coxae noticeably pallid, first and second with a few scales

anteriorly, third with a few scales posteriorly. Trochanters

pallid, first pair with some scales, others with hairs only.

Abdomen pale, with pale hairs ; devoid of scales even
on cerci.

Adttlt ^.—In general as in $. Antenna with some dark
scales on first flagellar segment. Palpi with club-segments
constricted at joint 4r-5 ; marginal hairs on seg. 5 incon-

spicuous, those on seg. 4 forming series 4-5 deep along both
margins of ventral aspeofr, numerous hairs at the swollen
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apex of Beg. 3 ; fine and silky, light yellowish in colour.

Distal f of seg. 5 pale, a broad pale band at 4-5, chiefly on 5,

and a broad pale band at base of club and at pseudo-joint ;

in some specimens greater part of dorsum of club pale. Wings
usually with dark markings more restricted than in $ ;

a preapical pale area on costa extending on to vein 2.1 is

commonly seen. Ungues with a stout basal .spur. Abdomen
devoid of scales, but numerous dark scales on outer aspects

of coxites.

Hypopygium *
: parabasal spines 2 ; inner about half

length of coxite, slightly shorter and slightly stouter than
outer, flattened towards end and hooked (bill hook-shaped)

;

outer \ as long again as irmer, straight, ending sharply in

fine straight point. A well-marked internal spine about

I down coxite ; numerous small hairs on anal surface.

Harpago with three (or four) flattened spines on dorsal portion

of dorsal lobe, these with rounded ends and fine terminal
points ; a stout, flattened spine arising separately internal

to these, and two long, and usually a third small, hairs on
inner lobe (fig. 22, 9). Phallosome relatively short, ^ coxite,

somewhat squat and broad at base, shaft tapering ; with
about seven leaflets, including spicules, as shown in fig. 22, 8.

Ninth tergite with marked processes, about as long as interval

between the processes, slightly clubbed f-

Pupa (var. simlensis) %.
—Paddle : index 1-4 ; external

border denticulate almost to anterior extremity, teeth less

marked in basal quarter, in posterior third abruptly replaced
by thin, short hairs which extend as far as the short paddle

-

hair.

Spine : (VIII) stem with 2-3 stout hairs on each side at

its base and dividing apically into 4-5 stout hairs, accessory

hair simple. (VII) curved, slightly pointed, | segment

;

(V-VI) ditto, but J segment
;

(II-IV) much reduced, non-
ehitinised.

Hair B : (IV-VII) branched, almost as long as the segment
(3 br. on VII, 4 on VI, 4-5 on IV-V)

;
(III) 5-6 br., half

segment.

Hair C : (VII) stout, simple, slightly longer than segment

;

(VI) 2 br., slightly longer than segment
;

(III-V) several

branches, about length of segment or a little shorter or longer ;

(II) 3 br., half segment.

Hair 5 : simple on all segments.

* HyPOPYQIUM : Christ. 1915, p. 386 ; King 1931, p. 753.

t King states that these are not apparent in the Philippine variety ;

they are practically as large as in A. hyrcanvs in all the Indian forms.

X FXTPA : Senevet 1931, p. 83 (as A. Undeaayi : see Senevet 1932).
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Labva *.—The largest anopheline larva occurring in the

Indian area, length 7-10 mm.
Clypeal hairs : ic simple ; oc about half their length, and with

2-3 or more branches. Frontal hairs normal. Ardenna
rather stout, with only very minute spinous projections

on shaft ; hair arising from internal aspect at about | from
base, a little longer than breadth of- antenna, with 5-8 br. ;

terminal hair with 3-5 br. ; cone and finger \ sabres. Mentum
with four teeth on each side of median tooth, the three

anterior equidistant, fourth further back ; median and next
tooth rounded, anterior pair also bkmt and small.

Shoulder hairs : inner without conspicuous basal tubercle,

with 3-8 lateral br. ; middle about three times the length

of inner, with 8-10 long br. ; outer short, simple, arising

from tubercle of middle hair. Metathoracic hair no. 1 not
developed as palmate hair, the hair very short, with 3-r-6 br.

Pleural hairs as in subgroup, except that dpi is split into 2-4

and vpl longer than usual, | length of anterior hairs.

Palmate hairs well developed on III-VII ; hair no. 1 on
I and II very short, with not above 5 br. Leaflets with
undiiferentiated filament ; indentations shallow and scattered

along border of distal half of leaflet ; length of leaflet on
mid-abd. seg. 0-119 mm. Lateral hairs on I-IIl long, stout,

feathered ; on IV-V long and split near base into 3-5 and
2-3 br. respectively ; on VI-VII very short, with 4-8 and 3-5 br.

Tergal plates of moderate size, spc well marked ; mps
fairly broad anteriorly. Pecten with 6-8 long and 14-1(5

short projections, ps long, 4-6 br. ; osc with 6-8 long

branches, ends forming rather poorly developed hooks.

Egg.—Unknown.
Identification.—A. gigas or its varieties cannot be

mistaken for any other Indian species. A. edwardsi from
Japan, which somewhat resembles it, has three spots on vein 6

;

scales on the ventral aspect of seg. 7 in the female ; a fringe

spot at 5.2 and scales on the lateral portions of the anterior

promontory brown, not black, as in 4. gigas.

The different varieties are distinguished as follows :

—

I . Mid-femur with a large pale spot on dorsum
towards apex ; vein 6 without a pale spot
on outer half ; bases of femora with
conspicuous pale ring twice diameter of

of femur, and milky white 2.

Mid-femur without such spot ; vein 6 with
a pale spot on outer half ; bases of femora
only inconspicuously pale 3.

* IiABVA s Swelleng. 1919 a, p. 24 (Sumatran var.) ; Iyengar 1922 a,

p. 632 (tail-hooks) ; Carter 1926, p. 84 {refutane); Puri 1928 i, p. 521j
1931, p. 113 (type and var. simlensia) ; King 1931, p. 761 (var. for-
fnosvs).
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2. Fringe dark at vein 3 and throughout rest

of extent, exocipt for usual spot between
veins 5.2 tmd 6 (see also remarks wider
tliis form) var. bailcyi.

i<"ringe pak> at vein 3, and possibly at other
veins following this (sei; also remarks
under tliis form) var. simlensis.

;i. Fringe-spots present at 3, 4.1, 4.2, and
5.1 (see also remarks midor this form) . . . typivfonn.

Fringe all dark from vein 3 onwards, except
for usual spot between 5 and 6 var. refutans *

;

var. Jortnomts ;

var. from Sumatra.

UiSTETBUTiON f.—All the forms of A. gigas are normally
recorded only from high altitxides, usually 6,000 feet or over.

The typti-form occurs, so far as is known, only at high
altitudes in the Nilgiris and other hills tif South India.

It has been recoi-ded from Coonoor, Nilgiri Hills (6,000 feet)
;

Ootacamund, Nilgiri Hills (7,000 feet) ; Kodaikanal, Pahii

Hills : Neutral Saddle, Lower Palni Hills.

A. gigas is stated by me (1916) to occur at Pachmarhi
(4,000 feet, in the Central Provinces). The Pachmarhi
specimens are, however, no longer in the collection, and
it is not known whether th(!y wer(f the type or other forms.

As this locality is widely se])arated from the others, and some
doubt even exists as to th(! correctness of the record, con-

firmation of the pnvsence of the species is necessary. The
same remark applies to the record by Nurse from Deosa,

Pahimpur Agency, Gujarat J.

Bionomics.—A wild species, not normally found frequenting
houses. It is apparently attracted by light, and at Ootaca-
mund sometimes taken at the billiard-table, etc. Cornwall

did not succeed in getting the type-form to feed on human
blood, but succeeded with pigeons ; it ha.s aLso been observed
to feed on chickens (Samuel) and on a bull (Senior White,

1921).

The type-form breeds in fresh-water springs and ponds
with vegetation at the edges, seepage ponds connected with
springs, marshy places among grass, and small pools along

shallow trickling hill-streams (Puri, 1931). At Coonoor
it breeds practically all the year round (Cornwall).

Relation to Disease.—Nothing is known regarding the

power to transmit malaria under experimental conditions,

and in nature it is extremely improbable that it acts as a carrier-

species (Covell).

* These forms appear very similar and, until more studied, it woiild
be premature to attempt to separate them.

t See Christ. 1931 ; King 1931 ; and references given by these authors.

t Given by Theo. 1907, p. 31.
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8 a. Anopheles gigas var. simlensis James, 1911 f-

James, in Jamos and Liston, Anop. Mosq. of India, 2nd od. p. Wi,

1911 (Patagiamyia simlen8is) . Type-loc. : Western Himalayas.
Type : specimens were seen by James from Mahasii near Simla,
from Garhwal, and from Murreo ; a specimen from the last

locality is in the Brit. Mus., and two specimens from Mahasn
in the Malaria Survey of India collection.

Adult $.—Differs from the type-form in the following

jiarticulars :—No pale spot on vein 6 ; mid-femur with a large

pale spot on dorsum towards apex (fig. 22, 6) ; inner accessory

dark spot on costa short, not extending to extreme base,

and shorter than external spot. The palpi are more dis-

tinctly banded, rings whiter ; the white scaled bases of the
femora are whiter and broader, more sharply defined and
conspicuous.

The fringe in this form shows two conditions : form a,

with pale fringe-spots at vein 3 (if not included in apical

spot) and 4.1 only (with u.sual spot, however, at 5-6), and
form b with pale fringe-spots at veins 3, 4.1, 4.2, and 5.1,

in addition to the usual spot at 5-6 (thus in this particular

resembling the type-form). It is not known if these are

distinct varieties, but, if so, they frequently occur together.

Adult $.—Fringe commonly dark, without interruption

from the apical spot, as in var. baileyi.

Hypcypygium differs from the type-form as follows :

—

Leaflets of phallosome more numerous, larger, and with
more obviously serrated leaflets (see fig. 22, 11) ; harpago with
six or more spines on the dorsal lobe, four forming a group
on the more dorsal portion, and two somewhat larger spines

arising more or less separately more ventrally (see fig. 22, 12).

Labva J.

—

Clypeal hairs : oc simple
;

pc usually split

into 2-6 br. instead of simple, as in the type-form ; leaflets

of palmate hairs somewhat shorter (0-09 mm.) ; hair no. 2
on abd. seg. II has 4-6 in place of 6-10 in the type-form.

Pupa.—See under type-form.
Distribution.—The Western Himalayas from the United

Provinces to the Indus. What is probably this form has
been recorded from the following localities, those from which
specimens have been seen by me being marked with an
asterisk :

—

^United Pbovinces, Kalighat (Garhwal) (6,000
feiet), Banbassa, Dehra Dun (2,000 feet) *, Roorkee (plains),

Bareilly (plains), Saharanpur (2,500 feet^ *
; Punjab, Simla

(7,000 feet) *, Mahasu (8,000 feet) *, Kasauli (6,000 feet) *,

Dharmpur (4,000 feet) *, Murree (7,000 feet) *, Karnal
(plains) ; Kangka, ManaU (6,000 feet), Rahla (8,000 feet),

t SYSTiaiATxc: James 1911, p. 66; Christ. 1916 o, p. 467; 1924 c,

pp.25, 84: 1924a, p. 12; 1931, p. 317; Yamada 1924, p. 240; Edwards
1929, p. 323.

% Labva : James 1911, p. 68 ; Puri 1931, p. 117.
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Karaun ; Chamba, Bakloh (6,000 feet) *, Dalhousie *, Bara
Nullah ; Kashmie, Gulmarg (8,500 feet) *, Nara Nag
(7,000 feet) *, Arau (8,000 feet) *

; N.W.F. Peovince,
Abbottabad (4,000 feet) *.

Bionomics.—An alpine form rarely occurring below
6,000 feet altitude, but taken sometimes at lower altitudes

near the hills (see " Distribution "). At Karnal (Cattle-

breeding Farm) it was taken by Dr. G. Macdonald breeding

in a well f . It is a wild form, not normally found in houses

(James, 1911 ; Gill, 1920). The female in captivity will suck
human blood {James, 1911).

The variety breeds in small ponds (James) and in permanent
pools (Gill), and especially in suitable pools by the sides of

streams, usually under an overhanging rock. In Kashmir it

was found breeding in peaty water on uplands (Christophers,

1931). It is commonly taken about April or May around
Kasauli ; on the higher hills usually August and September,
at which latter time it is very abundant in Kashmir ; it was
taken in February at Saharanpur by Bruce Mayne | ; see

also Irvine, 1929.

Relation to Disease.—There is no experimental evidence
regarding its power of transmitting malaria, nor any reason
to suppose it acts as a carrier in nature (C'ovell).

8 b. Anopheles gigas var. baileyi Edwards, 1929$.

Edwards, Bull. Ent. Ees. xx, p. 323, 1929 (A. gigas var. baileyi).

Type-loc. ; Yatung, Tibet (10,000 foet) ; Sei>t. 1927 (Lt.-Col.

F. M. Bailey). Type : ? in Brit. Mus.

Adult.—Very similar to var. simlensis except for the
continuous dark fringe, as described. It may show (as also

may var. simlensis) an uninterrupted subapical dark spot,

but equally often has an interruption as is usual in var. sim-

lensis. The leaflets of the phaUosome are very similar to

those of var. simlensis except that they may possibly be
even somewhat stouter and more serrated ; the harpago
shows a similar arrangement of spines to var. simlensis.

Labva §.—As described by Strickland, 1925 (as A. gigas),

has simple outer clypeal hairs.

Distribution.—This appears to be the form of A. gigas

which occurs in the Eastern Himalayas, Assam, and Upper
Burma, and further east outside the Indian area.

Outside the Indian area it is recorded from
||
Central

China (Szechuan) and Tibet (Yatung). In the Indian

•f
Private communication.

t Systematic : Edwards 1929, p. 323 ; Christ. 1931, p. 317.

§ Labva : Strickland 1925, p. 562.

II
Faust 1926 ; Edwards 1929.
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area what is probably this form has been recorded from
the following localities, those verified by examination of
specimens being miurkcd with an asterisk :—UprEB Burma,
Kalaw (5,0<)0 feet) *

; Assam, Shillong (5,000 feet^ *, Dumpop
(Khasi and Jaintia Hills), Doom Dooma (400 feot) *, Lak-
himpvir, Leboc (Cachar) *

; North Bengal, Saidpur (plains) *.

Bi02«0Mics.—A wild form, but taken in cattle-sheds and
servants' lines in scanty numbers at Shillong (Shortt ; McCombie
Youv<i, 1924) ; two specimens caught in houses in ITppcr

Assiira (Watsmi, 1927). Captiired by Strickland t attempting
to feed at Yatung.

Breeds in small pools cut off from the main stream or formed
by springs or leaks

;
prefers pools of which the depth is

comparatively great as compared with the area (Shortt)
;

clear rocky pools or perennial springs (McCombie. Young).
At Shillong prevalent from October to March (McCombie
Young, 11)24) ; taken at Yatung by Col. Bailey (Edwards,
loc. cit.), by Capt. Mulhgan f in September, and by
Dr. Strickland f in July.

Relation to Disease.—Nothing known.

8 c. Anopheles gigas var. refutans Alcock, 1913 %.

Aloufk, Jouru. Loud. Sc-1>. Trop. Med. ii, p. Kil, ]9I3 {A. giijan

var. rcf-utans). Type-loo. : hills of Ceylon. Type : 2 y
ill i?rit. Mus. from Maskeliya, Ceylon, are probably tho typos.

According to Edwards, 1929, this form has the wing-fringe

all dark (except for the usual spot at 5-6) and a small pale

spot on the middle femur above. The palpi of the female
are sometimes, but not always, pale at the tip (Carter). The
larva § has been described by Carter and has the outer

clypeal hairs usually with 2-3 br., but sometimes simple.

Recorded only from Ceylon.

(6) Series Lophoscelomyia.

Edwards, 1932, Gen. Insect.

hophoscelomyla Theo., Entom. xxxvii, p. 12, 1904. Type, A. asi-

aticua Theo.

Type-species, A. asiaticus Theo.

For characters, see key under group Anopheles. The
aflBnities of the series are somewhat intermediate between
Anopheles and Myzorhynchus, but the hypopygial characters

most nearly approach the former.

One species (with variety) is recorded from the Indian area.

t Private communication ; Capt. Mulligan's and Dr. Strickland's

specimens are in the Kaaauli collection.

J Systematic : Alcock 1913 6, p. 161 ; Carter 1925, p. 68 ; Edwards
1929, p. 328 ; Christ. 1931, p. 317.

§ Larva : Carter 1925, p. 85.
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9. Anopheles annandalei Baini Prashad, 1918 '*'.

Jiaini Prashad, Rec. Ind. Mus. xv, p. 123, 1918 (A. annandalei),
Type-loc. : Sureil (5,000 feet), Darjeoling Uist., Eastern Hima-
layas. Type : des(^ribed from I <J in Iiuliaii Mus., Calcutta.

rSYNONYM :

djajaaancnsis Urug, 11)26, Goneesk. Tijds. Ned. Indie, Ixvi, p. 591,

«tid Bull. Soo. Path. Exot. xix, p. 805, Nov. 1926 (Lophoscclomyia
annandalei var. djajasanensis). Type-loc. : Ujajasana, Garoet,
Java (1,300-1,400 m.). Type : described from 10 SS ""'i f> 9?
bred from larvse. Cotypos in Brit. Mus. SvN. by Puri, Ind.
.lourii. Mod. Res. .wii, p. 386, 1929.

llEcooNizED Variety :

intcrniptus Puri, 1929: see under A. annandalei \ar. intcrruptus.

A. aniaticus of Christ., 1915, refci'rod to as sent from Ceylon by Col.

James, and the hypopygium of which is described, is the variety of

annandalei Iviile Buri, 1929, p. 394). A. asiaticus is not recorded, from
the Indian area ; for points of distinction, soo under " Identification."

Most of the material available for study from India relates

to the variety. The type-form differs only very shghtly
from this in not possessing a pale spot on the costa at the

siibeostal junction, in a loss heavy scaling of the mesonotum,
and in having only 2-4 oblanceolat« scales, in place of 8-12
truncated scales, connect<^d with each group of the stcrno-

pleural hairs. The larval characters are identical except
that the dorsal anterior pleural hair of each segment is simple
in place of being finely barbed, as in the variety. Description

of this species will therefore be given under the variety.

The type-form was originally described from Sureil (I)ar-

jeeling), and further specimens have been obtained from Sukna
and Kurseong, in the same neighbourhood. It has been
recorded (as var. djajasanensis) by Brug from Java, vide Puri,

loc. cit.

9 a. Anopheles annandalei var. interruptus Puri, 1929.

(Fig. 23.)

Puri, Ind. Joum. Med. Res. xvii, p. 387, 1929 (A. annandalei
var. intcrruptus). Typb-loo. : Sukna, Darjeeliiig Dist., Eastern
Himalayas. Type : cotype cJ(J and $<^ in Brit. Mus. and
Indian Mus., Calcutta

;
paratypes in Malaria Survey of India

collection.

Adult $.—A small anopheline (length of wing about
3 mm.) ; at once picked out by the large conspicuous tufts,

readily visible to the naked eye, on the hind femora.
Head : vertex between eyes of normal character ; scales

over occiput of usual type, with a well-marked pale veitical

area. Vertical chsetse white, in a single row of about eight

each side, the anterior somewhat flattened, forming poorly

* Systematic : Baini Prashad 1918, p. 123 ; Christ. 1924 c, pp. 22,

82 ; Brug 1926 a, p. 591 ; 1926 6, p. 805 ; Puri 1929 o, p. 386. Fof
hypopygium, Ifirva, and egg see under v£u-. interruptus.
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developed vertical tuft ; a well-marked line of ocular scales

and some scattered ones on vertex. Antennas with some
small, but conspicuous, white scales on torus ; some incon-

spicuous dark scales on first flagellar segment. Palp rather

thick, but not markedly shaggy : index 0-G ; apex dark
and with narrow pale bands at bases of segments 3, 4, and 5.

Pharynx as for the group ; dorsal papillae 8.

Thorax : apn with black scale-tufts
;
propleural hairs 3-4,

with one or two pale scales. Mesonotum with median area

dark, but contrasting with the still darker fossae and lateral

areas ; median area covered difFusely with scattered narrow,

curved, almost hair-like white scales, aggregated to form
a median tuft on anterior promontory ; lateral areas of

anterior promontory without scale-tufts. Pleura; dark ;

some pale scales on sternoplcuron : spiracular hairs present

(3) ;
prealar 5-6, with some pale scales ; sternopleural upper

and lower group each with 3-4 hairs and fairly numerous
white broadish scales (8-12) ; upper mesepimeral few (3).

Wings : of about j length of wing ; about half as long

again as its petiole ; index 1-9. Scaling on greater part of

veins of small, rather broad, rounded scales, max. str. about 8,

of a dull grey colour ; at cross-veins, bifurcations and other

situations, as shown in fig. 23, 1, are aggregations of much larger

and broader scales, max. str. 16, of a deep black, giving

a marked effect to the naked eye of conspicuous black spots.

A conspicuous pale apical costal spot, more or loss continued
across wing to fringe-spot at 3 ; a pale spot at subcostal

junction not involving first vein, and a narrow pale interruption

at the humeral, with an area on vein 1 which generally

appears to be bare and shows up somewhat palely. The
only distinct pale spot is on 2.2. Fringe without spots other

than that mentioned ; border-scales dark, extending nearly
to base of wing.

Legs : front femora somewhat swollen in their basal
half. All femora with a white band at base about equal to
diameter and (except for the special ornamentation referred

to below) dark beneath and at their tips. Mid-femur with
a V-shaped white spot on dorsum near apex. Hind femora
with apical third covered with long outstanding scales, white
distally and black more proximally, forming remarkable
conspicuous tufts almost as large as the head of the mosquito,
and at once apparent, even on naked-eye examination. Tibiae

dark throughout, including tips. Tarsi entirely dark. Femora
and tibiae sometimes somewhat mottled. Fore coxae darkish,

mid tod hind pallid ; fore and mid with a conspicuous tuft

of curved outstanding scales on posterior external surface.

Abdomen dark ; some darkish scales dorsally and ventrally

on VIII ; cerci devoid of scales.



LOPHOSCKLOMYIA SERIES. 141

Adult ^J.—In general as in $. Antennce with some dark
scales on first flagellar segment. Palpi clubbed ; dark
except for a narrow pale band across club at base of apical

segment ; one at base of club and one at pseudo-joint

;

marginal hairs few and inconspicuous. Ungues with spur.

Abdomen with scales dorsally and ventrally on VIII and
on coxites.

Hypopygium *
: parabasal spines 2 ; inner shorter than

outer, but only slightly thicker ; both with fine recurved

Kig. 23.

A. annandalei var. interruptus.

1. Wing of $. 2 & 3. $ and (J palps, same scale. 4. Vertex. 5. Hind
femur. 6. Apical portion of mid-femur, showing V-shaped spot.
7. Phallosome, standard scale. 8. Harpago, ditto. 9. Clypeal
hairs of law^s (Bftet Purl). " 9a: Outer clypeal hair, showing another
form of branching (after Puri). 10. Pleural hairs of right side

of mesothorax (after Pari).

* Hypopygitjm: Christ. 1915 5, p. 385.
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sharp points. A well-developed internal spine slightly

below half-way down coxite. Harpago with three expanded
blades arising from dorsal lobe, two large spines on crest,

and a smaller hair-like spine on inner lobe (see fig. 23, 8).

Phallosome poorly chitinised, without leaflets or terminal

thickening. Ninth tergite with blunt everted processes.

Pt'PA.—Undescribed.
Lakva*.—Clypeal hairs : ic simple, oc branched (see fig. 23, 9).

Frontal hairs greatly modified ; inner about as long as normal,

but delicate and simple ; middle and outer much reduced,

very short, with apptiarance of ordinary small branched
hair. Suhantennal hair pecuhar, with 3-7 dorsal branches
and one long ventral, curved downwards and stout. Anten7i(B

dark and, for tree-hole breeding species, stout ; hair short,

a little longer than width of antenna in some larvae, arising

from external surface about \ from base ; cone long, half

length of sabres. Mentum with a row of five teeth on each
side of median tooth, first three subequal and large, next
two small.

Shoulder hairs : inner without basal tubercle, fairly large,

with 10-13 br. ; middle twice length of inner, 14^19 br. ;

outer rising from tubercle of middle hair, very short, but
usiially bifurcate or trifurcate at tip. Pleural hairs as given

for subgroup. The chitinous tubercles with the projection

very poorly developed, but produced into tiny spine near
its dorsal end on the meso- and metathorax. Hair no. 1

on metathorax with 7-12 br. rising close together, usually

flattened.

Palmate hairs well developed on II-VII ; hair no. 1 on I

very short, and may be simple. Leaflets uniformly coloured,

with shallow serrations and filament usually imperfectly

differentiated ; length of filament 0-1 mm. Lateral hairs

on I-III long, stout, feathered ; on IV-VI also long, but not
so stout, rising from basal tubercle and feathered ; on VII
very short, 5-6 br. Tergal plates rather small. Spiracular

ehitinisation well developed, not touching, though close to,

anterior portion of median plate. Pecten with large number
of spinous projections, most of which are long (16-19), and
5-7 of which are a little shorter than the others, ps long,

simple or bifid, osc with 6-8 comparatively long branches,

the amount of hooking shown by which is very variable.

The whole ventral and lateral surfaces of the larva are

covered with conspicuous small curved setae, giving it

a characteristic shagreened appearance.

* LAavA : Puri 1931, p. 107. See also Baini Prashad 1918, p. 123 ;

Brag 1926 a, p. 591 ; 1926 6, p. 805 ; Iyengar 1922 6, p. 626 ; Puri
1928 6, p: 521 ; 1929 a, p. 385.
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Egg *.—Boat-shaped. Upper surface moderately broad,

marked with polygonal network ; lower surface with reticular

pattern as on upper surface. Floats extending nearly from
<md to end of egg, touching margin of dorsal surface ;

nearly as broad in median area as lateral aspect of egg, but
narrowing sharply to fine points at ends ; float-ridges about
25 in number. FriU narrow, restricted to a very small anterior

and posterior demarcated area not above -^ of the egg-length.

Identification.—^The only species that can be confused
with A. annandalei are the Malayan species A. asiaticus

and A. v^ellingtonianus, the former breeding commonly in bored
bamboos, the latter found under conditions similar to its close

relative A. lindesayi. The following table gives the chief

])oints of distinction between the species having outstanding
femoral tufts :

—

1. Tuft formed of black scales only, with
a white area of flattciioil scales proximal
to black wellijiijtnnianus.

Tuft formed of white and black scales, white
scales distal to black 2.

2. T'alpi of '^? unhanded, or with some pale
scales oTily at joints ,3-4 : mcsonotum
with hairs only except anteriorly ; scaling

at base of o/ forming moderate aggre-
gation of moderately hroad scales ; no
fringo-sj)ot at IJ : abd. scg. VIII with
eonspicuous yellow scales. Larva with
antennal hair liranchod and subantonnal
hair simple ; integument not shagreenod
venti'ally asiaticus.

Palpi of V with three pale bands ; meso-
notum with numerous scales over whole
median area ; scaling at fork very dense
and scales very broad ; a fringe-spot

at 3 ; abd. seg. VIIl not yellow. Larva
with simple antennal hair and branched
subantetnial hair ; integument shagreened
ventrally 3.

3. Subcostal spot present ; mesonotuin more
scaly ; more numerous scales on pleurae :

dorsal anterior pleural hairs of all segments [interruptim.

with fine barbs annandalei var.

No subcostal pale spot ; dorsal anterior
pleural hairs simple annandalei (type-form).

Distribution.—Not recorded out of the Indian ' area.

Within the area has been taken at Sukna, Tindharia, and
Kurseong, near Darjeeling, in the Eastern Himalayas

;

at Silchar and Nongpoh, in the Khasi and Jaintia Hills,

Assam ; and in Ceylon (see note under type-form).

Kgo : Puri 1929 a, p. 387 ; Christ, and Barraud 1931, p. 172.
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Bionomics.—Both the type and var. inierruptus have
only been taken breeding in tree-holes, usually in deep forest

or wooded country. Gravid females have been collected

in nature and oviposited under artificial conditions (Puri).

Some first-stage larvae collected at Nongpoh by the writer,

and brought nearly 2,000 miles in the train to Kasauli during
the winter, hatched out eventually as full-sized specimens,
being fed on fragments of insects and without other pre-

cautions.

Relation to Disease.—There is no evidence regarding
its power to transmit malaria or of its playing any role in this

disease ; it is very improbable that it ever acts as an important
malaria carrier.

(c) Series Myzorhynchus.

Edwards, 1932, Gen. Insect.

Myzorhynchus Blanchard, 1902, C. R. St>c. Biol, liv, p. 793. Typo,
A. K'incnsiK Wied.

Type-species, A. hyrcanvs var. sinensis Wied.

For characters of the series, see under group Anopheles.

In addition to characters there given, the series differs from
series Anopheles and Lophoschelomyia in having the harpago
more compacted and chitinised and with a fused club on the
dorsal lobe, and the dpi pleural hair of the larva stout and
branched near the base into 3-6 spine-Kke branches. They
are aU large blackish anophelines, with a very pronounced
anopheHne attitude, marked prothoracic tuft, and mixed
scaling on the wings.

The following species and varieties are recorded from the
Indian area :

—

Palpi without pale markings in the female ;

A. barbirostris Van der Wulp.
A. barbirostris var. ahomi Chowdhury.
A. psettdobarbiroatris Ludl.
A. umbrosics Theo.

Palpi with pale markings in the female :

A. hyrcanus var. sinensis Wied.
A. hyrcanus var. nigerrirmis Giles.

The following gives the more obvious distinctions between
such forma of the Myzorhynchus series as occur, or might
possibly occur, in the Indian area :

—

$ palpi entirely dark *.

With a scale-tuft on venter of 7 segment
in $ barbirostris and allies f-

Without such a tuft umbrosua and allies
"f.

* There are often patches (not bands) of white scales on the palpi of
the male in A. barbirostris ; the broad wing-scaling will at once show
that it is "not A. hyrcan/as.

I See under these species for further details.
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? palpi with some pale scales.

Last tarsal segment of hind leg com-
pletely white. No scale-tuft on [tanus.

clypeus * albotceniatus ; mon-
Last tarsal segment of hind leg not so.

Without scale-tufts on venter of VII
(in $), or on clypeus towards
base (<??).

Leaflets of phallosome very
large, serrated separatun.

Phallosome without leaflets .... hunteri.

With scale-tuft on VII (in $) and
on clypeus ((J9). Leaflets of

phallosome small, delicate, J or
less length of whole organ hyrcanus.

10. Anopheles hyrcanus var. nigerrimus Giles, 19001. (Fig. 24.)

Giles, Handb. of Gnats or Mosq. ed. i, p. 161, 1900 (A. nigerrimus %).

Typk-loc. : Calcutta, India. Type : $ described ; type ? in

Brit. Mus.

Synonym.s :

f nero Doloschall, 1851, Nat. Tijds. Ned. Indie, xiv, p. 383 (Culex
nero). Type-loc. : Gombong, Middle Java {vide Edwards,
Xnd. Joum. Med. Res. x, p. 473, 1932). Type non-oxistent.

indiensis Theo., 1901, Mono. Cul. i, p. 145 (A. sinensin 'subsp.
indiensis). Typb-loc. : Madras. Type : $ in Brit. Mus.
Syn. by Christ., Ind. Med. Res. Mem. no. 3, p. 29, 1924.

t pursati Laveran, 1902, C. R. Soc. Biol, liv, p. 907 (A. pursati).

Type-loc. : west of Pursat, Cambodia. Type : ? described.
Syn., of A. hyrcanus, by Edwards, Gen. Insect. 1932 ; this is

most probably var. nigerrimus, but may bo var. sinensis.

bentleyi Bentley, 1902, Ind. Med. Gaz. xxxvii, p. 15 (A. bcnllcyi).

Type-loc. : Tezpur, Assam. Type : $ described ; location un-
known. Syn. by Christ., Ind. Med. Res. Mem. no. 3, p. 29, 1924.

minut'us Theo., 1903, Mono. Cul. iii, p. 91 (Myzorhynchus minutus).
Type-loo. : Lahore, Punjab, India. Type : described from.
1 $ ; type in Brit. Mus. Syn. by James and Liston, Anop.
Mosq. of India, ed. 2, p. 120, 1911.

argyropus Swelleng., 1914, Geneesk. Tijds. Ned. Indie, liv, p. 334
(Myzorhynchus argyropua). Type-loc. : Java. Syn. byBarraud
and Christ., Rec. Mai. Surv. ii, p. 271, 1931. See also p. 153.

* In the argyropus form of A. hyrcanus the last segment may be
mainly or entirely white ; the scales on the clypeus will decide.

f Systematic: Christ, and Khszan Chand 1915, p. 196; Christ.

1924 c, pp. 28, 86 ; Yamada 1924, p. 223 ; Edwards 1929, p. 321.

See aUo Giles 1900, p. 161 ; 1902, p. 305 ; Theobald 1901 a,

pp. 134-145,- 1902, p. 373; 1903, pp. 89, 91; 1907, p. 86; 1910 o,

p. 61 ; James and Liston 1904, p. 79 ; 1911, p. 120 ; Blanchard 1905,

p. 190; Leicester 1908, p. 30 ; Stanton 1912 6, p. 8; Striokl. 1913 a,

p. 139; Alcock 1913 a, p. 101; Christ. 1916 a, p. 480; Sohuff. and
SweU. 1917, p. 20; Mangk. 1919, p. 47; Edwards 1920, p. 129;
19216, p. 274; Rodenwaldt 1921, p. 156 (pilot.); Walch 1924a,
p. 18 ; Carter 1925, p. 69 ; Borel 1929, p. 28 ; Martini 1930, p. 146
(Turkest.) ; Barraud and Christ. 1931, p. 271 ; Baisas 1931, p. 425.
See also references on pp. 146, 149-51 (footnotes).

% Called also by Giles (Und.) Anopheha sp. 6, from Calcutta.

DIPT.—VOL. IV. L



146 , ANOPHELINl.

For synonomy of A. hyrcanus Pallas and its varieties, other than
those dealt with here, see Christophers, 1924 c, p. 28 ,- Kdwards, Bull.

Ent. Kes. xx, p. 324, li»29 ; and Yarnada, 1924, p. 230.

Walch (Medod. Volks. Ned. Indie, xix, D. 1, p. 44, 1930) has described
a larva having the characters of Leicester's description of A. peditamiatuji,

and, pending further information, A. peditcBniatus Leic. has not been
placed among the synonyms of this form. '

Until Edwards (Bull. Ent. Kes. x, p. 129, 1920) grouped A. sinensis

along with A. pseudopictiis and allied foiTns, under A. hyrcanuSy
the Indian variety was very generally known as A. sinensis Wied.
Cyhristophers and Khazan Chand (191"), p. 199), followed by Christophers
(1916a, p. 480), distinguished a Chinese form (siyiensis) as distinct

from the darker Oriental form. This was first named var. vanus,
but as Walker's vanus was clearly not a form of A. hyrcanus, it was
later (1924) given by the latter author as var. nigerrimus, which name
has precedence over other synonyms.
The varieties of A. hyrcanus now generally recognized are : var.

pseudopictius (Italy, etc.) ; var. pictus (Eastern Mediterranean and
J'alestine) ; var. mexopotamice (Lower Mesopotamia) ; var. sinensis

(China, etc.) ; var. nigerrimus (Oriental Region) ". All these forms
are difficult to distinguish in some individuals at least, and close

similarity in the leaflets of the phallosoiiio and larval characters, as seen
in material available, seem to indicate that they are no more than
varieties. Sonevet has indicated pupal differences, notably in the
paddle, of A. hyrcanus (Palestine) and var. nigerrimus. These differ-

ences appear to me, however, less definite than implied by the author
mentioned, and to be at most a matter of some difference in degree.

Adxjlt $.—Large (length of wing 3-5-5 mm.) ; very dark;
anopheline attitude very marked.
Head : scales on occiput of normal type, extending low

down on postgenae ; a well-marked white vertical spot
;

vertical chaetse forming a single line extending to front of

vertex ; white ohaetse very slightly modified, forming a con-

spicuous tuft ; ocular scales well developed and long.

AntenncB with some small pale scales on torus and numerous
broad white scales, usually on the first five or more flagellar

segments. Palp with index 0-6, covered throughout whole
length with long erect scales, giving markedly shaggy effect

;

black, with a white apical band and narrowish pale bands at

2-3, 3-4, and 4-5
-f ; some scales on membrane at base.

Clypeus with a large tuft of black scales laterally towards
base. Mandible with about 40 teeth ; maxilla 16.

Pharynx J as for group ; dorsal papillae 8.

Thorax : apn furnished with dense tuft of outstanding

black scales
;

propleural hairs 4 or more. Mesonotum
dark, almost black, median area not markedly lighter than
fossae and lateral areas ; median area covered with ratker

* The following varieties are described from Bussian territory :

—

var. marzinowskii, var. fleroun, and var. mahmotUi. For further par-
ticulars of these and the above-mentioned forms, see under
" Identification."

t Sometimes with indefinite white scaling along upper surface.

t Pbabyktx : Manalong 1929, p. 436.



Fig. 24.

A. hyrcanus var. nigerrimus ; also var. sinensis (7).

Wing of 9- 2 & 3. $ and ^ palpi, same scale. 4. Vertex. 5. Leaflets
of phallosome (form from Siam with very broad tarsal banding),
standard size for leaflets. 6. Ditto (specimen from Purnea Dist.,
India). 7. Ditto, var. sinensis (specimen from Kalaw), same
scale. 8. Harpago, ,'„ standard scale. 9. Club seen on flat.

10. Parabasal spines. 11. Processes of 9th tergite. 12. Clypeal
hairs of larva. 18. Pleural hairs of prothorax.

l2
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numerous light curved hairs, becoming scales in the middle

of anterior promontory, where a tuft of white scales is formed ;

very marked tufts of scales on lateral areas of promontory,
often somewhat palish above ; fossse with scantier hairs.

Scutellum with the large hairs dark. Pleurae dark, marked
with the usual pale horizontal lines ; spiracular hairs present,

usually about 5 ;
prealar numerous (about 15) ; upper

mesepiraeral about 10 ; sternopleural with the upper and lower

groups numbering about 4 and 10 respectively, latter usually

with a scale or two.

Wings large (three times length of thorax) ; af about

J length of wing ; index 1-5
;
petiole about half length of cell.

Ornamentation of wing as shown in fig. 24, 1 ;
pattern often

somewhat confused, owing to dark and pale scales both being

present on the veins together ; often pale scales present

in middle of vein, and laterally extended scales dark ; in some
places dark scales present on lower surface of wing, and are

seen through wing-membrane when upper scales are pale.

The apparent apical pale spot is really subapical, being

proximal to the junction of vein 1 with the costa, and not
continuous with the pale apical fringe-area ; apex of wing
is very characteristically widely and continuously pale to

beyond vein 3. In this variety the subcostal spot does not

usually completely, if at all, involve vein 1 and is very commonly
small and fleck-like ; stems of veins 2 and 4 usually all dark, but

not invariably so ; usually no fringe-spot at 5.2, but one
is occasionally present ; border-scales often conspicuously

pale or creamy, but may be darkish, especially in middle
portion of wing. Scaling heavy and profuse ; scales broadly
fusiform and laterals widely spread, in anterior portion of

wing meeting, or nearly meeting, scales of contiguous veins
;

max. str. about 12.

Legs : anterior femora markedly swollen in basal half.

Femora dark to base or nearly so ; front pair dark beneath,

often with a pale area towards apex posteriorly, others usually

more or less pale beneath ; dark or narrowly pale apically.

Tibiae usually pale on one aspect for whole length, and
also usually pale at base and more or less apically. Tarsi

very variable in extent of marking ; usually with pale apical

bands of moderate extent on segments 1-3 on fore and mid-
legs and segmfents 1-4 on the hind legs, very commonly
with the joint 3-4 on the hind legs with banding also ; in many
series the extent of paling is much greater, involving half

the segment on the front legs and a large part of the more
distal segments on the hind legs, these being sometimes
almost entirely pale (argyropus form). Front coxae with dark
and often pale scales anteriorly, the mid and hind with
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a conspicuous tuft of erect pale scales externally towards
apices. Trochanters with scales on fore and mid-legs,

those of the hind legs with hairs only.

Abdomen dark, devoid of scales, except a few towards
posterior border of tergite VIII and a tuft of black scales

vontrally towards the apex on ssgmont VII. Cerci with
hairs only.

Adult (J.—In general as in $. Antenna without scales

on first flagellar segment. Palpi clubbed, the last two
segments clearly articulated and constricted somewhat
at joint. Marginal hairs on segment 5 few and inconspicuous

;

forming a row 4-5 deep on either border of segment 4
;

numerous hairs arising from apex of 3. Scaling rather

profuse and inclined to form tufts, with black and white
ornamentation ; apical segment white apically and usually

over greater part of outer surface, dark at base and edges,

some white scales along inner dorsal margin
;

preceding
segment pale at apex and over greater part of median area

;

segment 3 pale at apex and usually with pale hne of con-

spicuous scales along dorsum ; a well-marked white area

at pseudo-joint and often some pale scales on segment 2.

Ungues with basal spur. Abdomen devoid of scales (and

lacking ventral tuft shown by female), but with numerous
scales on coxites.

Hypopygium *
: parabasal spines 2 ; inner about J length

of coxite, stouter than, but about half length only of outer

;

end flattened, sharply pointed and shortly recurved ; outer

nearly straight, tapering, and not recurved at end. A well-

marked internal spine about half-way down coxite. Harpago
with a flattened club on dorsal lobe and two simple spines

on inner lobe (fig. 24, 8). Phallosome approaching half length

of coxite ; usually with about 5 leaflets, but sometimes
as few as 2 ; leaflets small, delicate, the largest lanceolate,

serrated, and often with subterminal tooth, giving it a very

characteristic bifid appearance (fig. 24, 5, 6). Ninth tergite

with long processes, about as long as the interval between

them, distinctly clubbed.

Pdpa t^

—

Paddle : index 1 ; external border in middle

^ with small, appressed spines, replaced in posterior ^ by
delicate hairs

;
paddle-hair short, straight, or nearly so,

simple ; ace, hair f paddle hair.

Spine : (VIII) poorly developed, with 2-3 fine lateral branches

and 2 fine terminal branches ; ace. hair as long as spine,

* HVPOPYGITJM : Christ. 1915, p. 389 ; Swolleng. 1921 a, p. 109 ;

1921 6, p. 38 : Borel 1929, p. 28 ; Baisas 1931, p. 444.

t Pupa : Senevet 1931, p. 86. See also Cogill 1903, p. 32S.
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simple
;

(II-VII) short, blunt, thick, reduced in size on more
anterior segments.
Hair B: (VII) half length segment, 6-7 br.

;
(III-VI)

half length of segment, 15-16 br.

Hair C : (VII) | length of segment, 2-3 br.
;

(III-VI)

about half length segment, 3-6 br. on 5 and 6, more
numerous br. on 3 and 4

;
(II) reduced, 7-8 br.

Hair 5 bifurcate on sags. III-VI, simple on VII. Most
of the other hairs simple or bifurcate, except hairs 3 and 4
on segs. 2-4, which may have several branches.

Labva *.

—

Clypeal Jiairs : ic simple, oc dendritically

branched, with 50-60 terminal branches (fig. 24, 8) ; pc
with 2-3 br. or rarely 4-5. Frontal hairs normal, long.

Antennce very stout, uniformly pigmented, small spines

well developed on iimer aspect ; hair arising from internal

aspect about middle of antenna, with 8-12 br. ; terminal
hairs 6-10 br. ; sabres relatively long, a little less than half

length antenna. Long setse forming cluster on dorso-external
surface about middle of mandible, markedly plumose, not
simple as in other larvae. Mentum very small, with four
teeth on each side of median tooth, last of series often very
small.

Shoulder hairs : inner without conspicuous basal tubercle,

short, simple, or sometimes spht into 2 or 3 ; middle
stout, feathered ; outer simple, arising independently. Meta-
thoracic hair no. 1 developed as palmate hair. Pleural hairs

as in subgroup, dpi having 3-4 stiff branches.

Palmate hairs well developed on III-VII ; hair no. 1

on I and II poorly developed, with 9-13 leaflets. Leaflets

lanceolate, with shallow indentations scattered along distal

^ ; length of leaflet on nxid-abd. seg. 0-126 mm. Lateral

hairs on I-III long, stout, feathered ; on IV-V long and
split near base into 2-3 br. ; on VI-VII very short, with
4-6 br. Tergal plates not very long, but fairly broad.

Spiracular chitinisation poorly developed and widely separated
from median plate, which is not very broad anteriorly. Pecten
with 6-9 long and 12-17 short projections, which are without
serrations along their dorsal borders, the two outermost
projections somewhat longer than the other long ones.

• Labva : Puri 1931, p. 121. See also Steph. and Christ. 1902 fc, p. 7 ;

James and List. 1904, p. 79; 1911, p. 122; Stanton 1912 6, p. 8 ;.

1915, pp. 160, 170; 1916, p. 128; Swell, and Swell. 1919 o, p. 18;
1920 6, p. 86; Mangkoewinoto 1919, p. 47; Swell. 1921, p. 110;.
Lambom 1921, p. 91 (tail-hooks) ; Iyengar 1921, p. 216 (thor. app.) ;

1922 a, p. 630 (tail-hooks) ; Carter 1925, p. 84 ; Senior White 1925,

p. 217 ; Puri 1928 6, p. 521 ; Walch and Scesilo 1929, p. 464 (peoten) ^
Walch 1930, p. 44 (pedUamiatus) ; Borel 1929, p. 28 ; Montsohadnky
1930, p. 556 (spir. app.) ; Baisas 1931, p. 425 (Philipp.).
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ps with 3-4 br. osc with 5-6 long br., with stout ends,

but not very sharply curved, and forming poorly developed
hooks. Hair no. very short and spUt near its middle into

3 br. on II-VIII.

Egg *.^—Ofwhale-back type. Upper surface narrow, straight,

extending from end to end of egg ; unornaraented. Lower
surface with network of pale polygonal markings. Frill

very narrow, reduced practically to white line, striated,

extending all round upjier surface. Floats not touching
margin of upper surface ; long, occupying about middle |
of egg ; moderately broad, occupying about half lateral aspect

of egg ; with small crescentic float-terminations ; float-ridges

30-35, narrow, very regular and smooth.
Vakiation.—A. hyrcanus shows a considerable amount of

individual variation in the wing-markings, and the somewhat
indefinite type of wing-pattern makes such variation difficult

to define. The range is chiefly in more or less darkness or

paleness of the wing and discreteness and vividness of the
spotting. The efi'ect is largely dependent on the amount
of pale scaling on the stems of veins 2 and 4 ; where these
are practically all pale a wing with discrete wing-spots is more
likely to result ; their uniform darkness is largely responsible

for the general dark effect of the wing in var. nigerrimus.

The extent of scattered pale scales on vein 1 also largely

affects the general appearance of the wing. Scaling of the
remigium is nearly always pale except in var. nigerrimus,

in which form it may be either dark or pale. The extent
of pale marking on the tarsi varies very greatly in var. niger-

rimus, but, apparently, less so in other forms. Many specimens
of var. nigerrimus fail to show any pale basal banding on
segment 4 of the hind leg.

Larvae of A. hyrcanus from Palestine do not appear
to differ in any particular from those of var. nigerrimus f-

The pupal characters as given by Senevet for the Palestine

form and var. nigerrimus would appear to differ in some
respects, but as regards the paddle characters, those given

by Senevet for var. nigerrimus appear to us identical with
those for the Palestine form as shown by such material as is

available for study. Baisas has indicated a difference between
the characters of the leaflets of the phallosome in var. niger-

rimus and var. sinensis, but this appears to require further

• Ego : Steph. and Christ. 1902 o, p. 12 ; Christ, and Barraud 1931,

p. 173.

t Dr. I. M. Puri has kindly examined some larval skins brought
by Capt. P. J. Barraud from Palestine, and is unable to find any
characters which differ from those shown in var. nigerrimus.
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work before it can be accepted as, though the somewhat
bifurcate main leaflet is seen in var. nigerrimus from Amritsar
to Siam, yet the more lanceolate leaflet is also seen in many-
Indian specimens, regarding which there seems no reason

to doubt their being of this variety.

A satisfactory subdivision of the species is at present

scarcely possible, but the following appear to be varietal

forms which can be more or less readily recognized :

—

1 . Tarsal bandiiig narrower ; hind tarsus with
apices of segments only pale (if segment 4
is involved the whole segment may be
diffusely pale). Subcostal spot larger,

and involving vein 1 equally with the
costa 2.

Tarsal banding broader ; hind tarsus very
conmaonly shows also base of segment 4
pale. Subcostal spot smaller, not involv-

ing, or only incompletely involving,
vein 1 ; often fleck-like (comma-shaped).
Wing dark ; stems of 2 and 4 dark

;

a fringe-spot at 5.2 unusual. Dark area
at base of vein 5 usually long. Female
palpi with the more basal bands poorly
marked, that at 3-4 not nearly so distinct

as that at 4—5. Commonly produces
forms with marked tarsal ornamentation.
Oriental Region var. nigerrimus.

2. Female palpi with the more basal bands
poorly marked, that at 3-4 not nearly
so distinct as that at 4-5. A fringe-spot

at 5.2 commonly present. Dark area at
base of vein 5 short, usually dot-like.

China, etc var. sinensia.

Female palpi with the pale band at 3-4
as broad as that at 4-5. Dark area
at base of vein 5 long 3.

3. Segment 4 of hind leg pale or flavescent
through whole length var. pseudopictus *.

Segment 4 of hind leg not so hyrcantui (type) (var.

Form with wings discretely spotted, Ipictua).

much as in var. pscudopiclue (var. piclus.)

Form with suffused wings and many
pale scales on costa, etc (var. mesopotamice f.)

Form with dark wings ; stems of 2 and 4
dark (var. mahmouti f.)

Martini gives for Asia Minor, the Caucasus, and Turkestan
the following, additional to the above :—Palpi without

* Edwards considers it doubtful if this is a geographical fomi, and
thinks it probable that it may be a variant of pictus.

t Though very distinct in many respects, it is doubtful how far
mesopotamice forms a true variety ; along with it in Mesopotamia
are forms which correspond to Martini's description of var. mahmouti,
and for the present it seems preferable to regard all these as hyrcanua
type, corresponding to var. pictvs of Edwards.
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pale markings—var. marzinowskii Schingarew ; from eeg. 3
to apex of hind tarsus pale—var. flerowi Potsch ; fifth segment
largely pale (as in argyropus)—popowi Sching. ; tarsi dark
except for apical banding, the wings with dark pattern very
pronounced, and dark scaling in region of cross-veins forming
large dark area with that on costa (i. e., vein 1 without scattered

pale scales and stems of 2 and 4 dark)

—

mahmo'uti Martini.

A. argyropus Swell, is the extreme form of var. nigerrimus
in which paling of the hind tarsus has proceeded so far that
the last few segments are largely pale and the last segment
sometimes, though rarely completely, white.

Distribution.—A. hyrcanus var. nigerrimus has a wide
distribution in the Oriental Region. Outside the Indian
area it is recorded from Celebes ; Timor ; Alob ; Philip-
pines *

; Borneo ; Sumatra (with Nias, Riouw, Linga,
Banka, Enggano, Natuna, Billiton, Karimondjawa Is.)

;

Java (with Krakatau) ; Cochin-China ; Tonkin ; Stam
;

Malay Peninsula.
In the Indian area A. hyrcanus is represented by this variety

except for a comparatively small area in the north-west
of Burma, where var. sinensis also occurs. The variety has
been recorded from many localities throughout India, Bm-ma,
and Ceylon, it.s limits so far as present records go being

Peshawar, Kohat, and Bannu in the north-west and the
frontier of Assam, and north and south Burma in the east.

It has been recorded in all the subdivisions used by Covell

except in Baluchistan and the Andamans.
Bionomics.-—A. hyrcanus var. nigerrimus is a wild form

breeding independently of the proximity of habitations

and not commonly found resting in houses and cattle-sheds,

though often captured in an incidental way among other

species in such situations (1-2 per cent, of collective catches

in Bengal by Sur and Sur). It feeds readily on human and
animal blood, usually at dusk or by night, but also sometimes
by day even in full sunshine. Watson, 1921, records it at

Krian in houses feeding on the inhabitants, and Feegrade
(Lashio, Katha) found it feeding at dusk freely on cattle.

68 per cent, of captured females were found containing blood

by Walker and Barber, 1914, and 45 per cent, by Lamborn,
1922. Out of twelve precipitin reactions obtained by Walch
and Sardjito, ten were for human blood.

A. hyrcanus breeds especially in association with rice-fields

(A'enricA;, 1914 ; McComhie Young, 192^). It is commonlyfound
also in lakes, grassy pools, tanks, moats, swamps, borrow-pits,

drains, edges of slowly moving water (grassy streams and

Baisas 1931, p. 437.
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ditches) {Ramsay ; Iyengar, 1926 ; Phillips, 1923 ; Gill and
H. Singh, 1920 ; Feegrade). It is usually found in open waters,

but is recorded by James and Listen in deep shady pools

and by Hodgson in pools in shady gardens, etc. Usually
there is much aquatic vegetation. It is a clean-water breeder,

but Feegrade records it as commonly found in somewhat
fouled water. It is not usually a brackish-water species,

but is given by Covell, 1930, in the list of species found in

brackish or salt water.

A. hyrcanus, being essentially a rice-field and swamp breeder,

is not commonly found at considerable altitudes, unless these

conditions are present. It has not been recorded as ynt

from the lakes and marshes of the vale of Kashmir (5,000

feet), and was not found by GUI, 1920, at Murree, but
occurs on the Shillong (5,000 feet) and Nilgiri (7,000 feet)

plateaus.

Relation to Disease.—The variety has not been experi-

mentally infected in India or Ceylon, but has been shown
to harbour all three forms of the malaria parasite by Swellen-

grebel and others in the Dutch East Indies. It has been
found naturally infected by Stanton in Malaya (2 gut-

infections out of 87 dissected) and commonly by Walch and
Walch, Doorenbos, and others in the Dutch East Indies.

It was found playing the chief part as carrier in an epidemic
of malaria on the east coast of Sumatra by the first-mentioned

of these authors. It is not thought in general to be an
important carrier in India (Covell).

10 o. Anopheles hyrcanus var. sinensis Wied., 1828 *.

Wiedemann, Auss. zweifl. Ins. p. 547, 1828 (A. sinensis). Typk-
LOC. : Canton, China. Type : (J and ? described ; type in

Vienna Mus. {vide Yamada, 1924, p. 229, who found this
identical with his specimens from Tokyo, Japan).

Synonyms :

plumiger Donitz, 1901, Insektenborse, xviii, p. 37 {A. plumiger).
Type-loo. : Hong Kong. Type : in Zool. Mus. Berlin (vide
Yamada, 1924, p. 230, who found this identical with var.
sinensis).

jesoensia Tsuzuki, Gunigakkai Zas. no. 123, Suppl. Oct. 1901
(yesoensia) ; also Cent. f. Bakt. Abt. 1, xxxi, p. 763, 1902
(jesoensia). Typb-loc. : Sapporo, Hokkaido (Jeso). Type :

unknown. Syn. by Theo., Mono. Cul. iv, p. 86, 1907, and by
Yamada, 1924, p. 223.

For characters and distinction from other varietal forms,
see under A. hyrcanus var. nigerrimtis.

* Theo. 1901 a, p. 137 j Christ, and Khazan Chand 1915, p. 199 ;

Yamada 1924, p. 223 ; Edwards 1921 c, p. 629 ; 1929, p. 321 ; Ch'i Ho
1931, p. 107 (hypop.); Feng 1931, p. 504 (larva). For distribution see
Faust,
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DiSTEiBUTiON.—Specimens of this form have' been seen only
from Ukhrul, Manipur ; Kalaw, S. Shan States (5,000 feet),

and Namtu, N. Shan States, Burma.
Outside the Indian area it is recorded from Chisa

;

KoEKA ; Japan ; Formosa ; Philippines ; Tonkin,
Relation to Disease.-—Nothing is known regarding its

habits in India as distinct from var. nigerrimus. It is

considered to be an important malaria carrier in China and
Japan, and has been experimentally infected with B.T. and

Q parasites, but not with M.T.

11. Anopheles barbirostris Van der Wulp, 1884*. (Fig. 25.)

Van der Wulp, Notes from the Leydeii Museum, vi, p. 248, 1884
(A. barbirostris). Typb-lo(;. : Mount Ardjoeiio, East Java.
Type : described from a single $.

Synonyms :

t vanus Walker, 1860, Journ. Froe. Linn. Soc, Zool. iv, p. 91

{A. vanvs). Typb-loc. : Makessar, Celebes. Type : 3 (lacking

abdomen) in Brit. Mus. Kdwards, (Gen. Ins. 1932) says that
the type is either A. barbirostris or A. barbumbrosus (var. pallidus
Swell.), but it is not possible to determine which, and that
if these forms are regarded as varieties of one species the name
vanus should bo used.

^martini Laveran, 1902, C. R. Soc. Biol, liv, p. 907 (A. martini).

Type-loc. : west of Pursat, Cambodia. Type : unknown.
Syn. ? by Edwards, 1932, Gen. Ins.

Adult $ .—A large black anopheline (length of wing
3-8-4-6 mm.) ; attitude markedly anopheline.

Head : scales on occiput of normal type, but rather short,

broad, and close set, and extending well down on postgense

a small, pale, vertical spot ; interocular vertex narrow, straight;

vertical chsetae very stout, mainly dark, forming a line the

anterior hairs of which rise very close together ; the usual

lines of ocular scales associated with these. Antennce with
some small dark scales on t and numerous dark, and
some paler, scales on fs segment. Palpi markedly shaggy,
covered throughout with long outstanding, broad, ligulate

scales ; entirely without pale markings ; index 0-73. Labium
shagg}'^ in basal portion. Clypeus without a scale-tuft

laterally.

Pharynx f as fot group ; dorsal papillae 8.

• Systematic : Theo. 1901 o, p. 146 ; James and Listen 1904, p. 77 ;

1911, p. 118; Christ. 1924, pp. 32, 87; Haga 1924, p. 817; Brug
1925, p. 661 ; Baisas 1931, p. 425. See also James 1902, p. 35 ; Giles
1902, p. 308 ; Theo. 1903, p. 86 ; 1907, p. 82 ; 1908, p. 288 ; 1910 a,

p. 50 ; Blanch. 1905, p. 197 ; Leic. 1908, p. 33 ; Alcock 1913 6, p. 160 ;

Striek. 1913 o, p. 139; Ludlow 1914 o, p. 51 ; Roper 1914, p. 146;
Christ. 1916 a, p. 462; Schuff. and Swell. 1917, p. 21 ; Mangk. 1919.

p. 45 ; Rodenw. 1921, p. 156 ; Borel 1929, p. 33 ; Barraud and Christ.

1931, p. 273. See also references on pp. 158-59 (footnotes).

t Phabynx : Manalang 1929, p. 435.
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Thorax : apn carrying dense tufts of outstanding scales
;

propleural hairs 4 or more, with some scales. Mesonotum
almost black, median area not paler than fossae and lateral

areas ; whole surface, except for the usual narrow bare areas,

covered with curved, pale, narrow, hair-like scales and
chaetae, some of the latter dark on lateral areas ; anterior

promontory with some erect scales in median area and dense

tufts of pale and dark scales laterally, dark scales passing

down on to anterior surface ; scutellum with some smaller

pale hairs in addition to large chaetae. Pleurae black, with
frosty markings ; spLracular, prealar, and upper mesepimeral
hairs numerous ; a number of hairs present in middle of
meaipimeron, mixed with white scales, i. e., lower mesepimeral
hairs present.

Wing in general much as in A. hyrcmius (see fig. 25, 1), but
without the broad apical pale fringe-area, and with apex
often almost entirely dark, there being two milk-white spots

at vein 1 and vein 3, latter variable in size. Number of pale

scales scattered on base of costa varies considerably, but
some iisually present, and pale spots may be formed on edge
of costa towards base ; basal half of vein 6 has scattered

black scales ; an inconspicuous fringe-spot may be present

at 5.2. This and related species are pecuUar in having dark
scales on the humeral cross-vein. Scales very broad and
battledore-shaped, and the general effect of the wing-ornamen-
tation is more speckly than in hyrcanus, due to the broader,

stumpier scales and greater admixture of pale and dark scales

in clusters. For significant points differentiating closely

related species, see under " Identification."

Legs.—Front femora markedly swollen in basal half. Femora
more or less unicolorous, often with narrow, inconspicuous
pale ring at base ; fore femora somewhat pale beneath
in inner third ; mid- and, especially, hind femora with con-

spicuous internal and external white line, all narrowly pale

at apex ; mid-femur with a small white extension of this,

forming a spot at apex anteriorly. Tibiae unicolorous, pale at

extreme base and at the tips, forming, especially on hind legs,

a prominent mark. Fore tarsi dark, with narrow bands
on segments 1 and 2 ; mid-tarsi often entirely unhanded,
sometimes with bands on 1 and 2 ; hind tarsi with narrow
pale apical bands on segments 1-4. Coxae dark, fore with
dark scales in front and pale scales externally, mid with a tuft

of pale scales at base and others more towards tip, hind
with a tuft of pale scales posteriorly towards tip. Trochanters
dark, fore and mid with scales, former with a conspicuous
ring of white scales apically.

Abdomen dark, with hairs only, except a few narrow pale

scales on YIII ; sternites with scattered broad pale scales
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in median area ; segment VII with a large tuft of black
scales apically in the middle line. Cerci with hairs only.

Adult
(J.—In general as in $. Antennae with numerous

dark scales on first flagellar segment. Palpi entirely dark
;

marginal hairs many rows deep on either side of penultimate

Fig. 25.

A. barbirostris ; also A. barbumbrosus (7) and A. bancrofti (8).

1. Wing of $. 2 & 8. $ and <? palp, same scale. 4. Vertex. 6. Har-
pago, r'(v standard scale. 6. Leaflets of phallosome, f standard
scale. 6 a. Ditto, largest leaflet on usual scale. 7. Leaflets of

A. barbumbrosus (from specimens sent by Col. Brug) ; serrations

are present on side of the leaflet, though much finer than in

A. barbirostris, f standard scale. 8. Leaflets of A. bancrofti

(specimen from TownsviUe, Australia, with fringe-spots), f
standard scale.
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segment and a tuft at apex of seg. 3 ; some scattered

hairs on apical segment. Ungues of normal type, basal
spur rather stout and stumpy. Abdomen as in $, fcut lacking

the tuft of black scales on venter of seg. VII ; coxites with
numerous scales on outer aspects.

Hypopygium *.—Parabasal spines 2 ; inner less than

^ length of coxite, stouter than outer, tapering rapidly after

swollen basal part, the end pointed, sharply bent at angle ;

outer twice as long as inner, rather slender, straight or nearly

so, tapering to point, end not recurved. A well-developed
internal spine about half-way down coxite. Harpago much
as in A. kyrcanus, but smoothly chitinised to origin of two
inner hairs ; inner hairs more delicate, papillated portion

with small hairs much reduced (fig. 25, 5). Phallosome long,

narrow, straight, about | length of coxite ; carrying 4-5

large, strongly chitinised leaflets ; larger leaflets strongly

serrated on both borders towards apex (fig. 25, 6). Ninth
t«rgite with moderately developed processes, these not so

long as interval between, diffusely rounded and flat, not knobby
as in ^. hyrca.nu8.

Pupa f.

—

Paddle : index 1-5
; external border and paddle-

hair as in hyrcanus.

Spine : (VIII) rather short, with fine lateral branches
and some terminal branches ; ace. hair as long as spine.

(II-VII) short, blunt, thick, reduced in size on more anterior

segments.

Hair B : (III-VII) very short, tufted, about I length

segment or less.

Hair C : similar to B.

All other hairs very short ; hair 5 simple ; hair 4 with
a number of branches ; hair 3 with 5 br. on seg. IV, otherwise

these small hairs, simple or bifid.

Larva J.—Colour of full-grown larva varies from yellowish

green to dark brown or nearly black, with a varying number
of silvery grey spots on thorax and abdomen ; head dark §.

Hypopygium : Christ. 1915, p. 390 ; Swell. 1921 a, p. 118 ; 1921 b,

p. 38 ; Brug 192,'5, p. 661 ; Borel 1929, p. 35 ; Baisas 1931, p. 444.

t PrPA : Senevet 1930, p. 368.

X Larva: Stanton 1915, p. 165; Swell, and Swell. 1919a, p. 20;
Swell. 1921, p. 120; Puri 1931, p. 125; Baisas 1931, p. 426.

See also Steph. and Christ. 1902 6, p. 7; James and Liston 1904,

p. 78; 1911, p. 119; Stanton 1912 6, p. 9; Swell, and Swell. 1916,

p. 144; 1920 6, p. 86; Stanton 1917, p. 275; Mangk. 1919, p. 45 ;

Lambom 1921, p. 93 (taU-hooks) ; Iyengar 1921, p. 216 (thorac.

app.) ; 1922 o, p. 632 (tail-hooks) ; Rodenwaldt 1923 c, p. 304 j Carter

1925, p. 82 ; Senior White 1925, p. 217 ; Puri 1928 6, p. 521 ; Walch
and Soesilo, 1929, p. 464 (peoten) ; Borel 1929, p. 33 ; Chowdhury
1929, p. 986 ; Baisas 1931, p 42S.

§ Rodenwaldt, 1923 c, says that the dark brown larvae become males
and the lighter females.
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The larva has a very curious habit of lying with the body
apparently distorted.

Resembles A. hyrcanus very closely, differing only as

follows :

—

is not simple as in A. hyrcamis, but with 6-8 br.
;

hair no. 13 on ventral aspect of prothorax is split into 4-6 br.

near its base, not feathered with 6-9 br. as in A. hyrcanus
;

hair no. 13 on the abdomen has a larger number of branches
;

the pecten has 9-11 long and 8-11 short processes, and the
long processes have transparent wing-like expansions along
their dorsal and ventral borders ; as in 4. hyrcanus, they
do not show any serrations.

Egg *.—Resembles very closely the egg of A. hyrcanus
var. nigerrimus ; the dorsal surface was noted by Christ,

and Barraud, 1931, to be slightly broader and the floats

possibly slightly longer (0-75 of egg-length).

Identification.—The following table differentiates species

closely resembling A. barbirostris. Neither A. barbumbrosus
nor A. bancrofti have been recorded from the Indian area

;

for the position in regard to A. pseudobarbirostris, see under
this name f

.

1. Femora and tibia; distim-tly speckled with
white scales ; centre of mesopimeron
without a patch of white scales ; white
scales present on venter of abdomen ... 2.

Femora and tibiae not so marked ; centre
of mosepimeroii with a patch of white
scales ; white scales on venter present
or absent 3.

2. Fringe-spots at 4.1, 4.2, 5.1, and 5.2;
leaflets of phallosorno small, the shorter

ones broadly conical. (Australia.) bancrofti.

Not ao ; a fringe-spot may bo present at ,5.2

;

leaflets of phallosome simple, without
serrations. Larva : oc with 60 or more
Vjranches ; ic with some fine lateral

branches in apical half ; lateral hair of

abd. seg. VI long J. (Philippines, Celebes
;

recorded from Ceylon) pscmlobarbirostris

.

* Eoo : Christ, and Barraud 1931, p. 173.

t For information about these species see especially (barbumhrosus)
Swell, and Swell. 1919 a, p. 21; Swell. 1921, p. 120; Haga 1924,

p. 815 ; Brug 1925, p. 661 ; Strickl. and Chowd. 1927 6, p. 18.

{bancrofti) Giles 1902, p. 511 ; Bancroft 1908, Ann. Queens. Mus.
no. 8, p. 14 ; Cooling, Proo. Roy. Soc. Queens, xxxiii, p. 166, 1921
(larva) ; Edwards, Bull. Ent. Res. xiv, p. 353, 1924 (hypop.) ; Brug
1925, p. 681.

J The figure given by Baisas for the leaflets of A. pseudobarbiroatria

is clearly identical, or nearly so, with these structures as found by me
in specimens of A. bancrofti from Queensland. The fringe-spots

in the Queensland specimens are, however, extremely oonspiouous,

«o that it is difficult to believe this is the species called psetulobarbirottris

by Baisas where these are not described or figured.
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3. Commonly without a dark interruption
at apical spot (4) ; oc of larva with 50
or more branches 4.

Commonly with a dark interruption of

apical spot ; venter of abdomen without
palo scales ; leaflets of phallosome simple,

without serrations ; oc with 11-22 br. only. [duK).

(Celebes, Dutch East Indies.) barbumbrosus {palll-

4. Venter of abdomen with white scales ;

leaflets of phallosome with marked ser-

rations ; ic. simple, or one, or rarely both,

may bo bifurcate ; lateral hair of seg. VI
in larva short. (Oriental Region.) barbirostris.

Venter of abdomen without white scales
;

ic with fine lateral branches in apical
portion. (Assam.) barbirostris var. ahomi.

Distribution.^—A. barbirostris is very widely distributed

in the Oriental Region., It has been recorded from New
Guinea ; Moluccas (Soela, Boeroe *, Ceram *, Amboina *) ;

Celebes (Moena, Boeton) ; Lesser Sunda Islands (Lombok *,

Soemba, Soembawa, Timor, Alor, Wetar) ; Java (with Noosa
Kambangan) ; Sumatra (with Riouw, Nias, Linga, Siberoet)

;

Philippine Islands ; Borneo ; Tonkin ; Annam ; Cochin-
China ; Malay Peninsula ; Siam ; Burma ; Ceylon ; and
India.

The only traceable locality in China appears to be Shao-
hyling, given by Theo., 1910, p. 50, but without further

particulars ; Faust's (1926) map appears to give Hong Kong,
but this is untraceable, and seems to be an error. Japan
is given by Theobald, and Formosa in the same way indicated

in Faust's map, but Yamada definitely says it has not,

to his knowledge, occurred in either.

In the Indian area recorded from numerous localities

in almost every one of Covell's subdivisions, except those
in the north-west (Rajputana, Sind, Punjab south-west

;

N.W.F. Province and Baluchistan). It is abundant in the

Andaman forest.

Bionomics.—A. barbirostris is to a large extent a wild

species. In the Indian area it is not a common house species,

but it appears to become so further eastwards. Sur and Sur,

in Bengal, out of 15,389 anopheUnes caught in houses and
6,773 from cattle-sheds, obtained only four and seven speci-

mens of this species respectively. Covell, 1927 (Andamans),
out of 2,600 Anophdes caught in the houses in the Andamans-
found only one barbirostris. It is, however, recorded from
houses at Hazaribagh (Basu, 1929), and was the third

commonest species in houses and cow-sheds on Salsette

(Marjoribanks). At Timor it formed one-third of the total

* Given as doubtful by Brug 1926 c, p. 471.
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mosquitoes caught inside houses (Rodenw., 1923) ; in Siam
it was commonly found in mosquito nets, but was more
frequent in sheds than in dwellings (Barnes). Mangkoewinoto
records that fairly large numbers are caught in houses in

Sumatra, and it is commonly found in this situation in Sarawak
(Stookea). In Ceylon it is recorded as easily found in houses
in Kurunegala (Gunesekara), but Carter, 1914, says it does
not commonly enter houses.

A . barbirostris attacks and feeds readily on man in shade in

forest in the daytime, in theAndamans (Christ., 1912). It was
found with blood in sleeping-nets (Barber et. al., 1915), and
49 per cent, caught in nature were fed. Two out of four

were found with human blood with the precipitin test
(
Walch

and Sardjito). It is recorded among the species feeding on
cattle at dusk at Katha (Feegrade).

Breeding places are especially rather deep stagnant water
containing much vegetation, and preferably in the shade, such
as margins of lakes, swamps, sluggish rivers, and streams,

also stagnant irrigation cuts, ponds, borrow-pits, brick-field

pits, standing water in rice-fields, and quite commonly in

wells.

A. barbirostris is generally recorded more or less all the year
round or as occurring late in the year. It is classed by
Strickland among the species occurring especially during the
rains in Assam. It is rarely taken at any great altitude.

Relation to Disease.—^The species has been experi-

mentally infected with M.T. and B.T. parasites, but no
observations to the sporozoite stage are recorded, and its

susceptibility is low. It has been found infected in nature
in the Dutch East Indies (0-5 per cent.) and Malaya (1 out of

52) . It is not considered an important carrier (Covell). Sundar
Rao and Iyengar have observed development of filaria embryos
in this species ; only a smaU proportion, however, undergo
normal development.

11a. Anopheles barbirostris var. ahoml Chowdhury, 1929 *.

Chowdhury, Ind, Joum. Med. Ees. xvi, p. 986, 1929 (A. bar-
birostris var. ahomi) ; Type-loc. : Upper Aesain.

The differential characters of this variety will be found in

the section on " Identification " under A. barbirostris. Baisas

(1931, p. 427), judging from the description given, thought
that this form came under A. pseudobarbirostris, as now
known, in the Philippines. This, however, does not appear
to be so, as some specimens sent by Dr. JB^aser from Assam,

* Chowdhury 1929, p. 986 j Baisas 1931, p. 427.

DIPT.—^VOL. IV. M
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with larval skins showing the characters of ahomi, did not show
speckling of the femora, etc., to any distinct degree ; the

other larval characters of these specimens also appear

to agree with those of typical barbirostris. A noticeable

feature of all the specimens was that the female was entirely

devoid of pale scales on the venter of the abdomen. Unfor-

tunately, there were no males to ascertain the characters

of the leaflets, but Chowdhury notes that they appeared
almost similar to A. barbirostris. This may, therefore,

be considered for the present a varietal form oi A. barbirostris.

Examination of adult material in the Kasauli collection

showed that A. barbirostris normally shows white scahng
on the venter, except, apparently, in the case of specimens
from the Andamans. No material at the moment is

available to determine the larval characters of the Andaman
form.

12. Anopheles pseudobarbirostrls Ludl., 1902 *.

Ludlow, Journ. N.Y. Entom. Soc. x, p. 129, 1902 {A. pseudo-
barbirostris). Type-loc. : Hagonoy, Bulacan, Luzon, P.l.

Type : 2 described ; two 9 types iii U.S. Nat. Mus., Wash-
ington {vide Dyar and Shannon, Insect. Ins. Mens, xiii, p. 86,

1925).

The record of this species for India is due to two specimens

taken at Ganemulla and Colombo, provisionally referred

to the species by Carter (1925, p. 69). The characters of the

larvse were not known, but the femora, tibise, and first tarsal

segments of all the legs were conspicuously speckled with
yellow, and other characters agree with the description of

A. pseudobarbirostris. For points of distinction between this

and alUed forms, see under A. barbirostris.

13. Anopheles umbrosus Theo., 1903 f. (Fig. 26.)

Theo., Mono. Cul. iii, p. 87, 1903 {A. umbrosus). Typk-loc. :

Pekan, Fahang, Fed. Malay States. Type : ? described

;

type in Brit. Mus. Neo var. urnbrosa Theo., Mono. Cul. iii,

p. 34, 1903 {—funestus) ; neo A. umbrosus Edwards, Bull. Ent.
Res. ii, p. 142, 1911 {= A. nili) ; nee A. uinbroatis of authors
relating to tropical Africa (—A. obscurus).

For vai. described by Swell, and Swell., 1919, and A. simMis
Strickl. (A. similissimus Strickl.), formerly placed as synonyms, see

section on "Identification."

• Ludlow 1802 a, p. 129 ; 1914 o, p. 53 ; Theo. 1907, p. 83 ; 1910 a,

p. 50; Cihrist. 1924 c, p. 32; Carter 1925, pp. 69, 84; Brug 1925

p. 661 ; Baisas 1931, p. 426.

f For references, see pp. 164-6 (footnotes).
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Fig. 26.

A. umbroaus ; also A. novumbroaus (4) and A. aeparatus (6).

1. Vertex. 2. Harpago, standard scale. 3. Leaflets of phallosome,
standard scale ; probably leaflets of both sides are included.

4. Phallosome, A. novumbrosus, § standard scale. 5. Tip of phallo-
some, jl.u»i6ro«jM, same scale. 6. Lea&etB oi one side, A. eeparattia,

some scale. 7. Clypeal hairs of larva (after Puri). 8. Parabasal
spines, same scale as leaflets.

u2
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Adult $ *.—^A large black anopheline very similar in

general appearance to A. barbirostris and A. hyrcanus.

Palpi entirely dark and somewhat thinner than in A. bar-

birostris ; clypeus without scale-tuft ; vertex narrow, sulcus-

like ; vertical bristles pale or mainly so. Propleural hairs

few in number (3) ; mesepimeron entirely devoid of scales

or hairs (except the usual upper mesepimeral) ; rest of pleura
devoid of patches of white scales or nearly so ; coxse without
conspicuous pale scale-tufts and anterior coxse without scales

anteriorly.

Wings without scattered pale scales on costa ; vein 1

entirely dark-scaled except at subcostal and sector pale
spots ; vein 6 very much as in A. hyrcanus, with no black
scattered scales on basal portion or a very few towards extreme
base ; apex of wing very similar to A. barbirostris, a small
pale apical spot and a pale spot from 2.2-3 ; the subcostal

spot small and sometimes almost obscured ; vein 5 often

pale throughout the greater part of its extent.

Legs : femora rather pale beneath in their basal portions

;

apices of femora and tibiae only very inconspicuously picked
out with white ; tarsal banding very narrow and incon-

spicuous, often scarcely to be made out on fore legs.

Abdomen entirely without scales and lacking any tuft

of dark scales on stemite VII.
Pharynx as for the group, much narrowed at pharyngeal

bar ; dorsal papillae 10.

Adtjlt <J.
—^In general as in $.

Hypopygium
"f

: parabasal spines 2 ; inner short, about

J length of coxite, somewhat stouter than outer, and bent
sharjjly and finely at tip ; outer almost twice length of inner,

straight, somewhat blade-like, tapering, not bent at end.
An internal spine about half-way down coxite. Harpago
with club on dorsal lobe rather narrow and with two rather
delicate, not very long, but variable, hairs arising on
a chitinisod portion of the inner lobe, a small hair between
these, or up to 4 longish hairs may be present. Phallosome
rather short and stout, somewhat less than half the coxite

in length, with about 5 leaflets on each side ; leaflets

actually more numerous and broader than they appear
if imperfectly displayed, smooth, lanceolate, pointed. Pro-
cesses of ninth tergite, short, stumpy, much shorter than the
interval between them.

• Systematic: Theo. 1903, p. 87; Roper 1914, p. 146; Swell. 1921 o,

p. 125; Christ. 1924, pp. 31, 87 ; Edwards 1932.
See also Theo. 1910 o, p. 51 ; Leicester 1908, p. 35 ; Edwarda

1912, p. 250; Stanton 1912 6, p. 4; Alcock 1913 o, p. 104; Strickl.

1913 a, p. 140 ; Stanton 1914 6, p. 618 ; Mangk. 1919, p. 43 ; Rodenw.
1921, p. 158 (pilotaxy) ; Stanton 1926, p. 89.

t HypoPYGlUM : Swell. 1921 a, p. 126 ; Christ. 1924 c, p. 87.
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Pupa *.

—

Paddle : external border smooth in basal |, then
a small extent of short, curved spines, followed by nearly
bare border

;
paddle-hair short, straight ; ace. hair about the

same length and bifurcate at end.
Spine : (VIII) short, with 4-5 lateral branches ; neigh-

bouring parts of segment strongly spiny ; ace. hair rising

from a chitinised projection. (II-VII) short, blunt, becoming
smaller on anterior segments.
Hair B : (III-VI) with many branches and from ^ to

J length of segment
;

(II) absent.

Hair C : (IV-VII), ^f length of segment, simple on VII,
trifurcate on V-VI, 6 br. on IV ; (III) short, with 10-15 br.

;

{II) short, with fewer branches.
Hair 4 with about 8-10 br. on segs. III-VI, 3 br. on VII.

Hair 5 with about 6 br. on III-VI, 4 br. on VII. Other
hairs mostly small, branched.
Labva t.

—

Clypeal hairs : ic simple ; oc like those of
hyrcanus, but with only 5-10 br.

;
pc short, 2-3 br. Frontal

hairs normal. Subantennal hair feathered, with branches
at end short and arising in cluster from truncated tip.

Antenna stout, spiny ; hair | length of antenna, with 9-12 br.,

arising on inner aspect at ^ to ^ from base. Mentum with
4 teeth on each side of median tooth, anterior 3 more or less

equidistant, fourth placed further back, first and last much
smaller than other two.

Shoulder hairs : inner short, half or less length of outer
and many times shorter than middle, without chitinised

base ; middle long, with 6-8 lateral br., arising from
poorly developed tubercle. Hair no. 1 poorly developed
on mesothorax ; not developed as palmate hair on meta-
thorax. Pleural hairs in the group ; dpi with 3-4 spine-

like branches ; vp2 J length of anterior hairs.

Palmate hairs : not developed on any segment; hair no. 1

6-11 br., but these not flattened. Hair no. 2 lies external

to no. 1 on VI, and not internal and posterior as in all larvae

with the palmate hair differentiated on this segment. Lateral

hairs on IV and V long and split into 2-5 br. ; on VI and VII
very short, splitting near their base into 5-7 stiff br. Hair
no. fairly conspicuous on II-VII, and about as large as some
of the other hairs ; it lies posteriorly and external to the

anterior tergal plate. Tergal plates fairly small ; a small
chitinous plate on ventral surface of VII, not found in any

* Pupa: Senevet 1930 o, p. 364.

t Labva : Stanton 1912 6, p. 4; 1912 a, p. 390; 1915, p. 171; 1917,

p. 275 ; Mangk. 1919, p. 43 ; Swell, and Swell. 1919 a, p. 16 ; 1920 b,

p. 84; Swell. 1921 o, p. 127; Lambom 1921, p. 93 (tail-hooks);

Stanton 1926, p. 55 ; Striokl. and Chowd. 1927 6, p. 32 ; Essed 1928,

p. 220 (and separatua etc.) ; Puri 1928 6, p. 521 ; Brug 1928, p. 921 ;

Waloh and Soeailo 1928, p. 464 (pecten) ; Borel 1929, p. 37 ; Puri
1931, p. 117.



166 ANOPHEUNI.

other Indian anopheline, is present, spc poorly developed
and mps very narrow anteriorly. Pecten with 9-10 long and
7-9 very short alternating projections, all practically free

from serrations at bases. Caudal hooks poorly developed,

not more than 5 main hooked bristles (Lambom, 1921,

p. 931).

Identification.—The group-characters, with unhanded
palpi, absence of scattered white scales on the costa, absence
of numerous scattered black scales on the basal portion of

vein 6, absence of scale-tuft on sternite VII, in the adult,

and absence of palmate hairs in the larva readily distinguish

this form from all species so far described from the Indian area.

A number of similar forms having larvse without palmate
hairs, and the adults in some cases almost indistinguishable

from A. umbrosus, are described from Malaya, and some
at least may eventually be recorded from Eastern India,

The following is a list of these species, with their chief

differentiating characters * ;

—

Adult oloacly resembling A. umbrosus, i. e., palpi entirely dark, no
scale-tuft on Btei-nite VII of $.

A. umbrosus : larva without palmate hairs on any segment

;

oc with 5-10 br. only ; pc branched ; suturals 1-3 br. ; leaflets

lanceolate, unserrated, J or less length of phallosome ; processes
of ninth tergite short, stumpy.

A. ruyiHimbrosus Strickl. : larva with palmate hairs on IV-V ;

oc as in UTnbrosus ; pc simple ; leaflets enormously elongate,
longer than phallosome, hair-like ; processes of ninth tergite

elongate.

A. similissimus Strickl. : larva without palmate hairs ; oc as in

hyrcanus, with 50-60 br.

A. umbrosus var. Swell. & Swell, f '• larva without palmate
hairs ; oc as in umbrosus, but branches may be more numerous
(20) ; inner clypeals frayed ; frequents brackish water. May
be similissimus.

Adult with pale band on palps ; no scale-tuft on sternite VII of $.

A. separatus Leie. (=A. snidjersi Swell.): larva without
palmate hairs ; oc with 11-16 br. ; pc simple ; suturals 6-6 br. ;

leaflets large, expanded, serrate, half length of phallosome ;

processes of ninth tergite short.

A. hunteri Strickl. : larva without palmate hairs ; oc 6-10 ;

pc simple ; suturals 1-2 ; leaflets absent ; proeesses of ninth
tergite long, nearly as long as distance apart.

DiSTBiBTiTiON.

—

A. uTfibrosus has a wide distribution in the
Oriental Region, but has not been noted east of Celebes J,

For further information about these forms, see Strickland, Ind.
Joum. Med. Res. iv, p. 263, 1916 {hunteri) ; ib. iv, p. 271, 1916
(runnimbrosus) ; ib. iv, p. Oil, 1917 (similis=aimUiasimus Strickl.
* Chowdh., ' lUus. Key Anop. Larvte etc. ' 1927) ; Swell., ' Die Anop.
Ned. Oost-Indie,' pp. 114, 141, 1921 ; Christ., Ind. Med. Res. Mem. no. 3,

p. 31, 1924 ; Strickl. and Chowd., ' lUus. Key, etc' pp. 19, 32, 36 ; Essed,
Meded. Volks. Ned. Indie, xvii, p. 221, 1928; Strickland, Geneesk.
Tijdr. Ixxi, p. 770, 1931 ; Edwards, ' Gen. Insect.' 1932.

t See Swell, and Swell. 1919 o, p. 16 ; J920 6, p. 84.

i Brugl926c, p. 471.
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nor from any part of China. It has been recorded from
Celebes ; Philippines *

; Borneo ; Java (and Noesa
Kambangan) ; Sumatka (and Kiouw, Bangka, Biiliton

Islands) ; Natuna Islands ; Tonkin f ; Cochin-China J ;

Malay Peninsula ; Eastern India.
From the Indian area it has been recorded only from the

Andaman Islands and Assam.
Bionomics.—A. umbrosus is essentially a forest and heavy

jungle species. It comes under the designation of a wild
species, though it is described by Watson (1921) as occurrmg
abundantly in Malaya in houses near jungle. It feeds fiercely

on man in nature (Watson), and can be fed experimentally
(Barber, 1918 ; see also iioper, 1914).

In Malaya it breeds in stagnant pools and maras.scs in the

forest, and in pockets of water in wot ground between the
roots of trees in flat forest land, also commonly in the inner
mangrove zone, often in association with A . ludlowi ( Watson)

.

In (Sumatra it is recorded as breeding in mountain brooks
and their springs and in swamps formed by them in the
valleys, in fairly dirty slow-running brooks in virgin forest,

and in fresh-water pools between Nipa palms, also in brackish
water behind the mangrove zone (along with the umbrosics

var.) ; it prefers, but is not dependent on, shade (Swell, and
Swell., 1919). In Assam the species was found breeding
in stagnant shallow water with dead leaves, etc., on mud
in creek-beds cut off from small streams in the forest (Covell^).

It is beheved to be a strong flier, as it is found at considerable
distances from its breeding places (Barber, 1918).

ReXjATION to Disease.—^, umbrosus has been experi-

mentally infected with M.T. and B.T. malaria parasites in

Malaya and the Dutch East Indies ; also found naturally
infected in Malaya, Borneo, and the Dutch East Indies.

Subgenus MYZOMYJA Blanchard.

Blanchard, C. R. Soc. Biol, liv, p. 795, 1902 ; Christophers, Ind.
Journ. Med. Res. iii, p. 383, 1915 (subgenus emended).

Orassia Theo., Joum. Trop. Med. v, p. 181, 1902. Preoccupied
(nee Fisoh), vide Blanchard, loc. cit. Type, A. rosaii Giles.

Myzomyia Blanchard, loc. cU. Type, ib.

Type-speoieB, A. subpictus Grassi {A. rosaii Giles).

Adult.—Coxite with 5 parabasal spiaes arising close

together in cluster from surface of coxite and not from any
lobe, the four more basally situated with recurved ends,

the more apically situated spine longer, resembling an ordinary

hair.

• Mieldazis 1930. % Borel 1929 a. p. 37.

t Bordes 1930. $ Private oommunioation.



168 AKOPHELINI.

Pharyngeal bar with an armature of teeth. Dorsal papillae,

except sometimes in group Neomyzomyia, always 6, posterior

pair widely separated from others.

Propleural hairs most frequently few in number or may
be absent. Ornamentation of wing for the most part on
a fixed plan ; bifurcations of veins 2 and 4, all cross-vein

junctions, and junction of most veins withwing-margin pale *

;

costa normally with 4 dark spots ; a pale area extending
to edge of costa at about level of origin of vein 2 ; fringe-

spots, if present, usually at all vein-junctions except or
including that of vein 6 f-

Ptjpa.—With spines V-VII usually long and pointed ;

paddle-hair long and usually hooked or curled ; hair C at least

as long as the segment, generally simple or bifurcate on V-VII.
Labva.—Antennal hair never branched, always small

and situated on outer aspect of shaft ; ic always wide apart,

distance between their bases at least equal to that between
ic and oc of same side ; leaflets of palmate hairs never lanceo-

late and always with shoulder and terminal filament. Pleural
hairs, except in group Neomyzomyia, where they are simple,

with at least some long hairs feathered.

Key to Groups.

1. Pharyngeal armature with a single row
of teeth separated by intervals, teeth not
developed as rods and cones.

Long pleural hairs of larva all simple.
Propleural hairs of adult present ; usually
several. Pronotal lobes usually with
scale-tuft J legs usually speckled. About
17 species in Australian, Oriental and
Ethiopian Regions. Type-species, A. leu-

cosphyrus Don. % Group Neomyzomyia.
2. Pharyngeal armature with rods and cones

;

the cones without roots ; base of cones
with lateral teeth conspicuous ; crest

narrow, with a single row of spines

;

posterior view of crest not bifid.

Long pleural hairs of larva with one only
of the metathoracio hairs feathered (one
prothoracic also feathered).

Propleural hairs of adult present ; com-
monly 1 (or 2). Pronotal lobes without
scale-tuft ; legs usvially dark, never
speckled j palpi of ? white-tipped. About
30 species in Ethiopian, Oriental, and
Mediterranean Regions. Type-species,
A. funeetus Giles { Group Myzomyia.

* Except in the species A. rhodesiengie and A, dthali, where the
wing-field is normally without any pale markings.

t Absent in the species referred to in the previous note and A. tmithi,
two fringe-spots only present in A. cuLicifaciea and A. nili.

X See remarks under the group-names on the nomenclature, and
type-species.
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8. Pharyngeal armature with rods and cones ;

the cones with deep and narrow roots
(buttresses) ; bases of cones bulbous

;

crest with a single row of spines ; pos-
terior view of crest not bifid.

Long pleural hairs of larva with both
metathoracic hairs feathered (one pro-
thoracic and sometimes one mesothoracic
with a few branches) ; the tubercles all

with sharp spines.
Propleural hairs of adult present ; usually
several. Pronotal lobes (in Indian species)
without scale-tuft, legs more or less

banded or speckled ; palpi of ? white-
tipped. About 6 species in Oriental and
Ethiopian Regions. Type-species, A. sub- [mysomyia.
pictus Grassi * Group Paeudo-

4. Pharyngeal armature with rods and cones,
usually with some indication of roots

;

bases of cones bulbous, with lateral teeth
inconspicuous or absent ; crest with a
single rowof spines, posterior view not bifid.

Long pleural hairs of larva with both meta-
thoracic and one prothoracic feathered ;

both mesothoracic also feathered in

A. turkhudi.
Propleural hairs of adult present, usually
several. Pronotal lobes without scale-

tuft ; legs dark ; palpi of $ usually dark-
tipped. About 7 species in Mediter-
ranean Subregion, E. and S. Africa, and
Northern India. Typo-species, A. turk-

hudi Liston * Group Paramyzomyia,
5. Pharyngeal armature with rods and cones ;

the cones without roots ; the bases of the
cones with distinct lateral teeth ; the
crest broad, with 2 rows of spines, more
or less widely separated ; posterior view
of crest bifid.

Long pleural hairs of larva with both
metathoracic and one prothoracic feathered
and one mesothoracic sparsely branched.

Propleural hairs of adult absent. Hind
tarsi usually white-tipped. About 18
species, mostly in the Oriental Region.
Type-species, A. maculatus Theo. *...... Group Neocellia.

•6. Pharyngeal armature with rods and cones ;

closely resembling the pharyngeal charac-
ters of Pseudomyzomyia and Paramyzomyia,
but as yet inadequately worked out.

Long pleural hairs of larva with both meta-
thoracic hairs feathered ; characters here
also imperfectly known.

Propleural hairs of adult present ; usually
several. Pronotal lobes with soale-tuft

;

abdominal segments ail with projecting
lateral scale-tufts. About 5 species,

confined to the Ethiopian Region. Tyi)e
species, A.pharoenais Theo Group CeUia.

* See remarks under the group-names on the nomenclature, and
type-species.
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These six groups, with the exception of group Para-
myzomyia, are as given by me in 1924, based mainly on adult
characters. They have since been strongly supported and
made more precise by the recent work of Sinton, Covell,

and Barraud on the pharyngeal characters and of Puri on
larval characters, and still further emphasized by study of the
details of the pharyngeal armature, the results of which are

given in this volume. Paramyzomyia, formerly included
under Myzomyia, appears sufficiently distinct on these new
criteria to be recognized as a group, as has been done also by
Edwards (1932) under the term " turkhudi group." It is,

perhaps, desirable that it should have a name in keeping
with the other groups and as there is no generic typo
available I have adopted the name Paramyzomyia given
by Christophers and Barraud in their paper on the eggs of

Indian Anopheles.
The groups appear to be quite well diifercntiated on the

characters given in the key, and some further general characters
are given later. Neomyzomyia, Neocellia, and Cellia comprise
in the main highly ornamented species with marked scale

development. Myzomyia shows relatively poor ornamenta-
tion and scale development. Paramyzomyia and Pseudo-
myzomyia are intermediate.

Representation in the Indian abea.

Species. Varieties.

Group Neomyzomyia 3 1

„ Myzomyia 10 1

„ Pseudomyzomyia 3 —
„ Paramyzomyia 2 —
„ Neocellia 12 1

„ Cellia — —
Total 30 3

Group Neomyzomyia.
Christophers, Ind. Med. Kes. Mem. no. 3, p. 70, 1924.

FelUndla Theo., Mono. Cul. iv, p. 56, 1907. Type, F. pallidopalpi
Theo.

Neomyzomyia Theo., Mono. Cul. v, p. 29, 1910. Type, A. degans
James.

Chrietopheraia James, Paludism, no. 1, p. 33, 1910. Type,
C. halli James.

Daetylomyia Newst. & Carter, Ann. Trop. Med. and Par. iv,

p. 377, 1910. Type, D. ceylonica Newst. & Carter.

Tj^w-species, A. leucosphyrtis DfJn. {A. elegana James) *.

* Strictly, the genus FeUinella, with A. emithii Theo. (A. pcMidopalpi
Theo.) as type-species, has priority. But rather than maJse awkward
changes in the uomenclature of these groups, as though they still held
generic rank, I have adopted the names which have been in use and
seem most generally BuitaUe (see also changes thatwotild be necessitated
in Myzomyia and Psettdomyzomyia if strict procedure as for generic
rank were followed).
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Pharyngeal armature of about 10 or less teeth forming
a single row, teeth of similar character, and separated by
intervals (fig. 27, 10), lying, as a rule, almost in plane of ventral

plate of pharynx, and thus well displayed when pharynx is

mounted flat. Each tooth usually shows a pale bulla demar-
cated by a dark chitinous line ; a stout lateral tooth usually

present at base on one or both sides ; teeth without a well-

developed pediment-crest projecting backwards as in other

groups; rods entirely absent*. Lateral flanges bar-like.

Propleural hairs variable, but usually a number are present.

Wing commonly with multiple small dark spots on some
veins, not seen in other groups, a condition usually expressed
as " sixth vein with more than 3 dark spots "

; some species,

however, e. g., A. kochi among Indian species, do not show
this character. Logs commonly speckled and tarsi ornamented.
Palpi usually strikingly ornamented with 4 or more bands.
A tuft of scales on pronotal lobes commonly present, though
an unusual feature in other groups

-f.
Hypopygium with

the usual 5 parabasal spines of subgenus Myzomyia, but
in the three Indian species of the group spine 4 is rather

widely separated from the three more basal spines.

Pupa : in several respects resembling subgenus Anopheles
;

spine on V-VII rather short, shorter than half the length

of the segment
;
paddle-hair short, straight, undulating or bent,

but not usually hooked % ; hair C on V-VII commonly
bifurcate or branched and distinctly shorter than the segment §.

Larva : ic far apart, oc commonly short and rising close

to ic, thus emphasizing distance apart of latter. In all

the Indian species the tergal plates are very small. The
pleural hairs for the group so far as ascertained are given

below ; in the unbranched character of the long hairs they
closely approach subgenus Anopheles, and are distinct from
all other groups in subgenus Myzomyia.
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Species recorded from the Indian Area *.

The following species and varieties are recorded from the

Indian area :

—

A. kochi Don.
A. leucosphyrus Don.
A. tesaeUatus Theo.

14. Anopheles kochi Donitz, 1901 f. (Kg. 27.)

Donitz, Insektenborse, xviii, p. 36, 1901 {A, kochi). Type-loc. :

Padang, Sumatra.

oceUatus Theo., 1001, Mono. Cul. i, p. 174 {A. oceUatus). Type-
loo. : Taiping, Perak, Fed. Malay States. Type : described
from 2 99 in Brit. Mus. Syn. by Theo., ib., footnote.

flava Ludlow, 1908, Canad. Entom. xl, p. 32 (Gdlia flava). Typs-
Loc. : Camp Wilhelm, Tayubar, Luzon, P.I. Type : 4 ? types
in U.S. Nat. Mus. Washington (wde Dyar and Shannon, Insect.

Inso. Mem. xiii, p. 87, 1925). Syn. by Edwards, Bull. Ent.
Res. iv, p. 222, 1913.

halli James, Paludism, no. 1, p. 33 {Christophersia halli). Type-
loc. : Sylhet, Assam, India. Type : $ and (J described

;

typo 9 in Indian Mus., Calcutta. Syn. by James and Stanton,
C. R. 3" Congr. F.E.A.T.M. p. 515, 1914.

Referred to as Anopheles 1 a by SchiifJner, Zeit. f. Hyg. xli, p. 91,
1902. Probably M. teaaellala of Mathis and Leger, Bull. Soc. Med.
€hir. de, I'lndochine, s. de 15 Nov. 1910, and also the species near to

mastersi referred to by these authors.

Adult $.—A medium-sized, fawn-coloured anopheline
(length of wing 3-4 mm.).
Head: scales of normal type, forming a large and broad

pale vertical spot ; vertical chsetse milk-white, passing almost
at once into several rows of slightly curled flattened chsetse

which form a conspicuous bifurcate frontal tuft ; ocular

scales forming a dense hne at the sides. Antennae with
a few minute white scales on t and numerous white scales

on first fs. Palpi ornamented, as in fig. 27, 2, with 4 white,

3 yeUow, and 5 narrow bltick bands, 1 yellow and 1 black at
extreme base, the black bands at base of each segment.
Labium golden in apical half and usually with some spots of

* Other species included in the group are : (Oriental) A, watsoni
Leic, A. aurirostris Watson ; (Australian) A. annulipes Walk., A. amic-
tiis Edw., A. punctukUua Don., and var. molucceneie Swell. & Swell.,
A. longiroatria Brug ; (Ethiopian) A. amithi Theo., A. nUi Theo.,
A. ardensis Theo., A. natalensia HUl & Hayden, A. kingi Christ.,

. A. machardyi Edw., A. multicinctua Edw.
t Systematic: Leicester 1908, p. 46 ; James 1910, p. 33 ; Stanton

1914 o, p. 129; Swell. 1916, p. 115; 1921a, p. 83; Christ. 1924 c,

pp. 71, 104 ; Baisas 1931 6.

See also Donitz 1902, p. 67; James and Liston 1911, p. 123
Edwards 1913, p. 222 ; Roper 1914, p. 142 ; Ludlow 1914 a, p. 59
<!hri8t. 1916 o, p. 469; Mangk. 1919, p. 75; Rodenw. 1921, p. 147
Yamada 1925, p. 489 ; Borel 1925, p. 224 ; 1929, p. 69. See also
references on pp. 174-6 (footnotes).
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A. kochi.

Wing of $. 2. $ palp, same scale ; the lighter shading is yellow.

3. (? palp, same scale. 4. Lateral view of labivun, showing ornamen-
tation and basal scale-tuft. 6. Vertex. 8. Hind tarsus. 7. Fore
femur. 8. Mid-tibia. 9. Lateral view of abdomen, showing
ventral soale-tufts. 10. Pharyngeal armature. 11. Front view
of a single tooth, standard scale for pharyngeal teeth. 12. Lateral
view of isolated tooth, same scale. IS. Leaflets of one side of

phejloaome, standard scale for leaflets. 14. Parabasal spines,

standard scale for harpago ; spines 1-5 respectively are labelled

a-e. 15. Clypeal hairs of larva (after Furi).
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yellow on the basal black portion ; labella and extreme tip of

labium usually a duller yeUow.
Pharynx * with characters of subgenus and group. Dorsal

papillae 6 ; lateral flanges poorly developed, not much wider
than posterior part of pharynx

;
pigmented area somewhat

hour-glass-shaped
;
post-pharyngeal ridges absent ; pharyn-

geal bar very broad, straight ; teeth with filament strap-like,

with fimbriated extremity.

Thorax with scale-tuft on apn
;

propleiu-al hairs 2.

Mesonotum, including fossse and lateral areas, pale, with
a dark eye-spot on each side of dorsum, covered with pale

scales and hairs, former broader over fossae and laterally,

forming large median and lateral tufts on anterior promontory,
latter tuft passing into black scales on face of promon-
tory. Pleurae dark, mapped out strikingly into pattern

by broad pale hues ; spiracular hairs absent ; stemopleural
as usual ; subalar about 6 ; proalar about 3 ; some scales

mixed with most groups of hairs.

Wings as in fig. 27, 1
;

pale areas light yellow
; dark spots

often still further reduced than shown in figure. Scales

rather broad ;
plume-scales short and ovoid, somewhat

ballooned in some situations, notably on basal portion of stem
of vein 4 ; max. str. about 10-12 ; some very large scales

on subcosta.

Legs : front femora swollen in basal half. Femora
speckled ; tibiae and first and second tarsal segments on all

legs with rather regularly spaced pale spots or flecks laterally
;

front tarsus with apical and basal banding at all joints except
last, usually with anterior aspect mainly affected ; mid-tarsus
apically banded ; hind tarsus with first segment narrowly
banded apically, remaining joints with broad apical and basal

pale bands ; apical half of segment 5 white.

Abdomen with narrow yellow scales and hairs on II-VII,
scaling becoming denser on posterior segments ; venter
bare except for prominent tuft of black scales on each segment
from II-VII ; a conspicuous pale spot on either side of each of
stemites II-VII towards anterior end ; cerci with yellow scales

.

Adttlt ^.—^In the main as in $. Antennae with a few dark
scales on first flagellar segment. Palpi ornamented as in

figure ; marginal hairs forming a tuft at apex, especially

ventrally, of segment 3, hairs 2 or 3 lines deep along the
margins of segment 4 and a single line of less noticeable
hairs on either margin of segment 6. Labium as in $ but
with more numerous pale interruptions on basal dark area.

Abdomen as in $, with numerous scales on coxites. Ungues
without special feature.

• Pharynx : Manalang 1929, p. 431.
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Hypopygium *
: parabasal spines 5 ; as for subgenus,

but spine no. 4 more widely separated than usual from
basal group. Harpago with apical hair somewhat longer

than club ; one or two small hairs arising near base of apical

hair. Phallosome short, squat, less than half length of
coxite ; leaflets about 6 on each side ; the longest about

I length of phallosome, one or two showing serrations.

PcrpA f.

—

Paddle : external border smooth basally, with
fine sharp spines along the apical third, abruptly replaced

by very fine scattered hairs on the posterior border
; paddle-

hair short, bent, simple, or bifurcate at end ; ace. hair about
same length, fine, simple, or bifurcate at end.

Spine : (VIII) rather short, half segment or less ; accessory

hair simple. (VTT) about J length segment, somewhat
.sharp-pointed. (III-VI) decreasing in size and somewhat
blunt, very small and blunt on III and IV. (II) absent
or very rudimentary.
Hair B : (VI-VII) about f length of segment, bifid. (V)

trifurcate. (III-IV) branched.
Hair C : (V-VII) about J length segment, simple. (IV)

trifurcate. (Ill) branched. C (seg. VI) simple or bifid.

Labva J.

—

Clypeal hairs § as in fig. 27, 15 : ic very finely

frayed, the fraying visible only under a high magnification
;

pc with one or both .sometimes bifid. Antenna with the hair

rising about ^ to J length of antenna from base ; terminal

hair split about middle into 2-4 br. Mentum with four

teeth on each side of median tooth, the last much smaller

than the others and placed a little removed from them.
Shoulder hairs : inner without conspicuous base, not stout,

with 3-10 br. ; middle 2 to 3 times length of inner ; outer
rising independently. Hair no. 1 on metathorax forming
poorly developed palmate hair, the leaflets not arising in

a whorl. Pleural hairs as given for the group ; the chitinous

tubercles are of moderate size, the projection on the prothorax
produced into a very short process near the dorsal border.

Palmate hairs well developed on segments III-VII ; that

on I poorly developed, that on II fairly developed. Leaflets

* Hypopoqittm : Christ. 1915, p. 391 ; Swell. 1916, p. 121 ; 1921 a,

p. 86; Baisasl9316.

t Hitherto undescribed; the above is a short description.

% Labva : Stanton 1915, p. 168 ; Swell, and Swell. 1919 a, p. 40

;

SweU. 1921 a, p. 86 ; Purl 1931, p. 127 ; Stanton 1926, p. 49.

See also Christ. 19116, p. 67; Stanton 1912 6, p. 8; 1914 o,

p. 129 ; Mangk. 1919, p. 75 ; Swell, and Swell. 1920 6, p. 85 ; Swell.

1916, p. 124 ; Lambom 1921, p. 93 (tail-hooks) ; Puri 1928 6, p. 624

;

Walch and Soeeilo, 1929, p. 463 (peoten) ; Borel 1929, p. 73 ; Baisas

1931 6.

§ In this subgenus the frontal haira and subantennal hcur will onljr

he described when in any way unusual.
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more or less uniformly coloured in basal two-thirda, but
unpigmented and somewhat transparent in distal half

;

filament poorly developed, indentations shallow and somewhat
scattered. Lateral hairs on IV-VI long and spUt into 2-4 br.

;

on VII short, with 3 br. Tergcd plates very small, also

posterior median plates, which in some specimens may be
very faintly indicated, spc poorly developed, but mps
widened out anteriorly and nearly touching those. Pecten

with 3 or 4 long and 7-11 very short spinous projections,

the serrations at base of these very fine and inconspicuous.
ps with 3-5 br. Caudal hooks 5 ; poorly formed. Anal
papillae much longer than anal segment.

Egg.—^According to Stanton (1914a, p. 129) the egg does
not differ in any detail from that of A. tessellatus, q.v.

Identification.—There is no species with which this

can be confused, nor any varietal form described. Any
anopheUne found in the eastern Indian area and resombUng
A. subpictus and A. vagus in general coloration, but with
broadly banded hind tarsi, is most probably A. kochi ; con-

firmed by the abdominal scale-tufts.

DiSTEiBUTioN.

—

A. kochi is a widely distributed Oriental

species, but not apparently occurring in North China or

India west of Bengal. It has been recorded from Moluccas
(Ternate, Ceram, Halmaheira) ; Philippines ; Formosa *

;

China (Canton) f ; Lesseb Sunda Islands (Bali, Lombok,
Soemba, Soembawa, Flores) ; Java (and Noesa Kambangan)

;

Sumatra (with Nias, Riouw, Batoe, Billiton, and Linga
Islands) ; Borneo (with Poeloeh Laoet) ; Cochin-China

;

Annam % ; Tonkin ; Siam ; Malay Peninsula ; Burma
and N.E. India.

In the Indian area it has a restricted distribution, being

recorded only from Upper and Lower Burma, Assam, and
N.E. Bengal. It has not so far been recorded from the

Andamans or Ceylon.

Bionomics.—A. kochi is a moderately domestic species,

being found in houses, stables and cow-sheds (Wcdch, 1924

;

DooremJboa, 1924 ; Ramsay) ; it is, however, recorded by
Chalam, 1923, at Nalbari, Assam, among species not found
in houses ; it is also to be caught very commonly in the jungle

in Assam (Ramsay, private oomm. through Covell). It feeds

on man and cattle, and 39 per cent, of caught females were
found by Lambom, 1922, to show blood in the gut. It

is recorded in Java {MangkoewiTwto, 1919) as one of several

species seen entering houses at twilight.

* Recorded by Kinoshita, but doubtful if Formosan species

(vide Yamada).
t Buddie 1928.

X Swell. 1916.
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A. kochi breeds by preference in small, shallow, often muddy
ooUections of water in the open, such as small pools, with.

or without grass, stagnant drains, buffalo-wallows, hoof-raarks,

and collections in fallow rice-fields (Swell, and Swell. ; Hacker ;

ll^afsow, 1921 ; Stookes; Getter And Rajahmoney) ; also in streams
(Borel). In Malaya, whilst usually occurring in the open,

it is also commonly found breeding in drains in the jungle

{Gater and Rajahmoney). According to Stookos it specially

frequents artificial containers such as broken chatties and cut

bamboos ; also Feograde found it breeding in such situations

when there was no lack of natural breeding places near by.

Relation to Disease.—.4. kochi has been experimentally
infected to the oocyst state with M.T. and B.T. It has
been found natxirally infected in the Dutch East Indies

by a number of observers, showing an infection rate from
0-4 to 11-5 per cent.

15. Anopheles leucosphyrus Don., 1901*. (Fig. 28.)

Donitz, Insektenborse, xviii, p. 37, 1901 (A. leucosphyrui)). Type
LOO. : KajoD Tanam, Sumatra.

Synonym :

elegans Jamos, l!t03, in Theo., Mono. Cul. iii, p. 51 (Myzomyia
(?) d.cgan.H). Type-loc. : Karwar, West Coast, India. Type:
<[? (iesoribed ; typo in Brit. Miis. Syn. by Jamf>s and Stanton,
PaliidiRni, no. 5. p. 60, 1912, and Stanton, C. R. 3° Congr.
F.K.A.T.M. p. 516, 1914.

Keooonized Vauiety :

hanker i Kdwards, 1921, Bull. Knt. Res. xii, p. 70 (A. leuco.tphyrus
var. hackeri). Type-loc. : Fed. Malay States. Type : ? des-
cribed ; type in Brit. Mus. Not recorded from Indian area f

.

Adult $.—Size moderate (length of wing 3-3-7 mm.).
Head: scalosofnormal type, with pale vertical spot ; vertical

chaetae forming single row, milk-white and somewhat flattened,

forming rather thin vertical tuft. Antenna : t devoid of

scales ; some pale and dark scales on first /s. Palpi : basal

portion somewhat shaggy ; apical segment long, index 0-65

;

with four pale bands (fig. 28, 2), due to pale scales at the
apex of each segment except rbs. Labium dark, with the
scales ventrally at base forming tuft, but not so pronounced
as in A. kochi ; labella pale.

* Systematic: Theo. 1901, p. 307 ; James and Liston 1904, p. 82 ;

1911, p. 105 (elegans) ; Leicester 1908, p. 28 ; Edwards 1921, p. 70.

See also Donitz 1901, p. 37 ; 1902, p. 56 ; Theo. 1903, p. 51
(elegans) ; 1907, p. 77 ; 1910, p. 44 ; CogiU 1903, p. 330 ; Swell. 1916,

p. 82; 1921, p. 82; Christ. 1916 o, p. 469; 1924 o, pp. 71, 103;
Mangk. 1919, p. 74; Rodenw. 1921, p. 153 (pilot.); Borel 1929,

p. 64 ; Baisas 1931 6. See also references on pp. 179-180 (footnotes).

t See Hacker, F.M.S. Mai. Bur. Bepts. 1920 (1921), p. 33; Mai.
Bur. Annual Repts. 1921 (1922) and 1922 (1923) ; Borel 1929, p. 65 ;

Oater and Rajahmoney 1929, p. 10-

DIPT.—^VOL. IV. N



178 AlfOFHELINI.

Pharynx : very similar to A. kochi, but filaments of cones
longer, more or less as in fig. 28, 5 ; cones with two lateral teeth

and devoid of crest.

Thorax with marked black scale-tufts on apn
;

propleural

hairs 2. Mesonotum dark, without differentiation of median

l||iilF^

A. leucosphyrus.

1. Wing of $. 2 & 3. $ and tJ palpi, same scale. 4. Vertex. 5. Two
phai-yngeal teeth, standard scale. 6. Hind leg, showing tibio-

tarse^ band. 7. Fore tarsus. 8. Harpago, standard scale,

9. Leaflets of one side of phallosome, standard scale.
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and lateral areas, but often with silvery eyespot on fossa

and crescontic silvery line deUmiting the fossa posteriorly
;

covered with golden hairs and dark chsetae ; anteriorly scales

form prominent median and lateral tufts, the latter with
an area of black scales extending on to face of promontory

;

a few scattered scales on fossaa and lateral areas near wing-
roots. Scutellum with lateral portions pale, median area
black and rather swollen. Pleura9 dark, with some pale lines

;

spiracular hairs small, 1-2
;

prealar about 4 ; upper mes-
epimeral few in number (about 4).

Wings as in fig. 28, 1, with six or more dark spots on vein 6
and similar spotting on veins 5 and 5.2 ; no fringe-spot

opposite 6, or none at 5.2 or 6, but spots present between these

vein-junction.s ; border scales extending only a little distance

basal to junction of vein 6.

Legs: front femora swollen in basal half. Femora and
tibiae of all legs very much spotted, much as in .4. kochi,

but legs darker ; apical ^ or so of hind tibiae, together with
an extent of base of first tarsal segment, conspicuously pale,

forming a broad pale tibio-tarsal band easily visible to the
naked eye ; first tarsal segment on all legs splashed with
pale spots ; fore tarsi apically and basally banded at all

joints, or sometimes apical only at some of these, basal bands
sometimes broader than apical and last segment sometimes
more or less pale ; mid-tarsi variably banded ; hind tarsi

narrowly apically banded, or with basal bands also at some
joints, extreme apex of last segment pale. Coxae darkish,

with some fight hairs but no conspicuous scales.

Abdomen dark, with dark hairs on dorsum except on
VIII, where there are numerous golden hairs ; venter with
lateral pale spots on III-VII towards the front of the segment
as in ^. kochi, and an apical tuft of black scales on VII with
some scales or a tuft on VI, or also on V ; ventral aspect

of the cerci and VIII dark, without golden hairs.

Adult (J.
—^In general as in $. Antenna with a few scales

on first flagellar segment. Palpi as shown in fig. 28, with
marginal hairs forming single row on seg. 4. Abdomen
with rather numerous scales on dorsum of VIII and coxites

and scale-tufts as in $, or scales representing these on V-VIII.
Ungiies with a rather long basal spur.

Hyj)opygium * : parabasal spines 5 ; spine no. 4 somewhat
separated from basal group as in .4. kochi. Harpago with
apical hair shorter than club ; some smaller hairs present

in addition to main hair. Phallosome short, less than
half length coxite; carrying about 6-7 leaflets on each side,

* HYPOPYoroM : Chjiat. 1915, p. 391; Swell. 1916, p. 82; 1921 o,.

p. 81 ; Borel 1929, p. 68 ; Baisaa 1931 6.

n2
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the largest about ^ length of phallosome measured to base,

excluding leaflets, one or two showing serrations.

Pupa *.

—

Paddle : very similar to A. kochi, but spines

on external border stouter.

Spine : (VIII) about | length of segment ; ace. hair simple.

(V-VII) about J length of segment, pointed. (III-IV) very
short, blunt. (II) rudimentary.

Hair B : (III-VII) branched ; about f length of segment.
Hadr C : (V-VII) bifid, approaching length of segment.

(III-IV) branched. C" (VI) simple.

Larva f.

—

Clypeal hairs very similar to those of A. kochi
;

ic simple or finely frayed, as in A. kochi. Antenna rather

slender ; hair arising ^ to \ length of antenna from base.

Mentum as in A. kochi, but the four teeth on either side of the

median tooth somewhat longer.

Shoulder hairs : inner stout and feathered, with conspicuous
base, usually fused with that of the middle hair ; middle
hair not disproportionately larger than inner ; outer hair

arising from base of middle hair. Metatharacic hair no. 1

not differentiated as palmate hair. Pleural hairs as given
under the group ; basal tubercles as in ^. kochi.

Palmate hairs well developed on III-VII ; hair no. 1 on
I and n not developed as palmate hairs ; leaflets more or less

uniformly coloured, not so transparent in apical portion

as in .4. kochi, the filament varying from half to ^ length

of blade. Lateral hairs on IV-VI long, somewhat slender

and split near base into 2 on IV and V and 2-3 on VI

;

very short, with 3-4 br. on VII. Tergal plates very small.

spc well developed and mps fairly broad anteriorly, its

anterior border nearly touching the chitinisation. PexAen
with 4-5 long and 7-10 short processes, practically all with
some serrations at their bases, ps with 4-5 long br. Caudal
hooks 5-6, somewhat shallow. Anal papillse exceptionally

long, three times or more length of anal segment.
Egg.—^Unknown.
Identifioation.—The broad pale tibio-tarsal band on the

hind legs suffices to distinguish A. leucosphyrus from all

other Oriental forms except its variety hackeri, which has
not been recorded from the Indian area. The latter differs

* Hitherto luidescribed, t)ie above is a very brief description.

t Larva; Stanton 1915, p. 168; 1926, p. 50; Swell, and Swell.
1919 a, p. 33; 1920 6, p. 83 ; Puri 1931, p. 133.
- See also CogiH 1903, p. 330 ; James and Listen 1904, p. 82 ; 1911,
p. 107 ; Theo. 1907, p. 77 ; Stanton 1912 5, p. 6 ; Swell. 1916, p. 87

;

1918, p. 398; 1921, p. 87; Mangk. 1919, p. 74; Puri 1928, p. 524;
Stookes 1929, p. Ill ; Waleh and Soesilo 1929, p. 46? (comb); Borel
1929, p. 68 ; BaiBOs 1931 b. See also refs. to var. hackeri, p. 177.
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from the type-form, according to Edwards, in the following

particulars :—Bands on the female palpi very narrow, the
apical segment white at the extreme tip only

;
proboscis

unusually long, longer than the palpi by almost, or quite,,

or even more than, the length of the last two palpal bands
;

dark markings on the wing more extensive, the dark spots

on vein 1 more fused. The var. hackeri appears to breed
especially, if not exclusively, in bamboos*.

DiSTBiBUTioN.

—

A. leucosphyrvs has a wide distribution

in the Oriental Region, but has not been recorded from China,
or, apparently, from the Moluccas or Lesser Sunda Islands.

It has been recorded from Celebes f ; Sangir Islanu t

;

Talaud Island f ; Philippines f : Borneo (with Poeloeh
Laoet) ; Java ; Sxtmatka (and Nias Islands) ; Cochin China

;

Malay Peninsula ; Siam ; India, Ceylon, and Burma.
In the Indian area it is recorded from many localities

in eastern India, including Upper and Lower Burma,
Andamans, Assam, and Bengal, and also in South India
from the west coast (Konkan), Nilgiris, Coorg, Malabar,
and Mysore (Kadur in the west). There is, therefore, an
intervening area, including Hyderabad, the Madras Presidency,

Central Provinces, and Bihar and Orissa, from which it has
not yet Inien recorded. It is recorded from Ceylon bv Senior

White, 1925, and Carter, 1925.

Bionomics.—In the Indian area A. Icucosphyrus is a wild

species found brticding in deep jungle and forest, but recorded
from houses by McCombie Young, 1921, and Lalor, 1912.

Roper, in Borneo, commonly found it gorged with blood in

the nets of the men in a coolie hne near a swamp.
Breeding places in the Andamans are pools by sides of

rocky streams in forest {Christophers ; Covell) and in a

disused well (Covell) ; in the Bengal t«rai Puri, 1931,

found it breeding in rainwater in borrow-pits alongside

the road in thick forest ; in the Konkan recorded as found

in pools besides forest streams (Cogill) and from nullahs

densely shaded by foliage (Strickland, 1923) ; in Ceylon
in streams descending from heavy jungle (Senior White, 1925),

and in a heavily shaded swamp and in a densely shaded
stream (Carter, 1925). It may bo found also on occasions

in pools in the open (Cogill; Covell ; Puri) and at some distance

from forest (Senior White, 1926). Recorded as found

800 metres from its breeding place by Balsas.

* According to Gater (private communication), hackeri is probably
specifically distinct from lewMsphtirun ; there is a constant difference

in the larv» as well as in breeding habits and in adult morphology^
as noted above. For references to this form, see footnote to p. 177.

t Given by Rodonwaldt from these areas as var. hackeri.

X Balsas 1931 6.
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Relation to Disease.—Suspected by Roper, on epidemio-

logical grounds, to be a carrier of malaria in Borneo. Has been
experimentally infected with B.T. and also found infected

in nature (1-7 per cent.) in the Dutch East Indies. It is not

thought to play any part in malaria transmission in India

owing to its rarity, except as a jungle species.

16. Anopheles tessellatus Theo., 1901 *. (Fig. 29.)

Theo., Mono. Cul. i, p. 175, 1901 {A. tessellatum mentioned as
MS. name, but described as^. punctulattts Don.). Typb-loc. :

Taiping, Perak, F.M.S. Type : described from a single 5

;

type in Brit. Mus.

formosoe Hatori, Kampo, no. G,')34, p. 275, 1901 t (A. formosm).
Typb-loc. : Formosa. Syn. V^y Yamada, Sci. Kepts. Govt.
Jnst. Inf. Dis. iv. p. 488, 192.5.

deceptor Donitz, 1902. Zeit. f. Hyg. xli, p. 60 (^1. deceptor). Typb-
Loc. : Sumatra. Ty'Pe : ^ described. Syn. by Stanton,
Bull. P^nt. Res. iv, p. 129, 1913.

thorntonii Ludlow, 1904, Canad. Entom. xxxvi, p. 69 {Myzomyia
thorntonii). Type-loc. : Oras Samar and Cottabato, Mindanao,
P.I. Ty'PE : 3 5 J types in U.S. Nat. Mus. Washington {vide Dyar
and Shannon, Insect. Ins. Mens, xiii, p. 87, 1925). Sy'n. by
Edwards, Bull. Ent. Res. iv, p. 221, 1913.

ceylonica Newstead & Carter, 1910, Ann. Trop. Mod. and Par.

iv, p. 377 {Dactylomyia ceylonica). Typb-loc. : Trincomaiee,
Ceylon. Type : described from a single $ ; type in L'pool.

Sch. Trop. Med. Syn. V)y Stanton, loc. cit. 1913.

kinoshitai Koidzumi, Debuts. Zas. xxix, p. 133, 1917t (A. kino-
sfiitai). Type-loo. : Formosa. Syn. by Yamada, loc. cit

1925.
taiwanensis Koidzumi, ib. {A. taiwanen»is). Typk-loc. : For-
mosa. Syn. by Yamada, loc. cit. 1925.

This is the A. punctulatus of many authors writing of all except
the more eastern part of the Oriental Region, and the A. punctulatus
of India of James and Listen. It was also referred to for a time by
Indian authors as A. thorntonii.

Adtjlt $.—Size medium (length of wing 2-5-3-7 mm.).
Head : scales of normal tjrpe, with a broad pale vertical spot

;

vertex broad ; vertical chsetse forming a single line, or nearly

BO, on either side, white and forming a rather sparse frontal

• Systematic : Theo. 1901 o, p. 175 ; Edwards 1913, p. 221 ; 1921 a,

p. 71 ; Yamada 1925, p. 483 ; Borel 1929, p. 74.

See also {tessellatus) Stanton 1912 b, p. 6 ; 1913, p. 129 ; 1916,

p. 255 ; 1926, p. 32 ; Christ. 1916, p. 482 ; 1924, pp. 72, 105 ; Sohufl.

and Swell. 1917, p. 19 ; Swell. 1919, p. 3 ; Koidzumi 1924, p. 100 ;

1930, p. 234 ; Carter 1925, p. 75 ; Baisas 1931 b. (punctulattts) Theo.
1901 6, p. 306 ; 1903, p. 55 ; Cogill 1903, p. 331 ; James and Listen
1904, p. 84 ; 1911, p. 104 ; Leicester 1908, p. 27 ; Mathia and Leger
1911; Roper 1914, p. 144 ; Swell. 1916, p. 73 ; 1921, p. 70. See also
references on pp. 184-5 (footnotes).

t Orig. ref . in Japanese ; taken from Yamada, loc. cit.
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tuft. Antennce : a few minute scales on t and a patch of

white scales on first fs. Palpi : apical segment long, index
0-7; of moderate tluckness, with three broad white apical

bands separated by two narrow black bands, a further

narrow pale band at apex of segment 2 and a patch of

pale scales on 3 (fig. 29, 2). Labium with apical half and
labella golden-yellow, a dark spot at end of labium ; base of

Kig. 29.

A. tessellatus ; also A. lettcosphyrus (9, 11) and A. hochi (10).

Wing of ?, standard scale. 2 & 3. $ and (J palpi ; same scale.

4. Vertex. 6 o. Pharyngeal tooth, standard scale, anterior view.

5 6. Same, lateral view. 6. Summit of harpago, standard scale

7. Leaflets of one side of phallosome, standard scale for leaflets.

8. Shoulder hairs of larva. 9. Ditto, A. levcosphyrus. 10. Ditto,

A. kochi. 11. Some leaflets of palmate hair, of A. leMcosphyrus

;

those of A. kochi and A. tessdUUtia are very similar (S-11 after Puri).
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labium without anj^ prominent tuft, but scales somewhat long

in this situation.

Pharynx * very similar to A. koc/ii.

Thorax usually with a few dark scales on a^m
;

propleural

hairs 1. Mesonotum unicolorous, usiially with some broad
frosty markings about fossa and lateral area, giving some
approach to a dark lateral eye-spot towards front of lateral

area ; clothed with pale hairs and with narrow white scales

forming median and lateral tufts on promontory. Pleurae

dark, without conspicuous scales ; spiracular hairs absent

;

prealar about 2 ; upper mesepimeral few (4). Halteres

entirely pale, inchiding knob.
Wing (fig, 29, 1), with general resemblance to that of

A. lettcosphyrvs, but with a fringe-spot at vein tj and border

scales extending nearly to base of wing.
Legs : front femora markedly swollen in basal half

;

femora and tibiae spotted very similarly to A. kochi and
A. lev-cosphyrns ; the Jiind tibia; only narrowly pale at apices,

and base of tarsal segment 1 dark ; tarsal segments narrowly
apically banded on 1-3, and on 4 on hind legs ; extreme tip

of last tarsal segment on liind legs pale or dark.

Abdomen with hairs only, these somewhat denser and golden

on the last segment. Cerci without definite scales.

Anui^T (;J.—In general as in $. Antenna with one or two
dark scales on first flagellar segment. Palpi with marginal
hairs forming about a double row on segment 3. Ungues
as in A. Icncosphyrus. Coxites with numerous pale and some
dark scales.

Hypopygium f: verj' similar to A. kochi and A. leuco-

sphynis
;
parabasal spine 4 widely separated from the more

basal 3. Harpago with apical hair stout, about the same
length or a little longer than club. PhaUosome about half

length of coxite ; with about 6-7 leaflets on each side, the

largest about half the length of phaUosome ; the larger

leaflets broad, claw-shaped, with some serrations on concavity.

PvrA X.—Paddle : very similar to A. leucosphyrus, but
the spines on the external border give place posteriorly

to stout hairs with conical bases, these not quite extending
to paddle-hair, the interval between having delicate hairs.

Spine : (VIII) about half length of segment, with 4 lateral

and 2 terminal br. ; ace. hair trifurcate. (V-VII) about

* Soe also Manalang 1929, p. 423.

t Hypopyoium: Christ. 1915, p. 391 ; Swell. 1921 o, p. 73 {punc-
tulatuA) ; Borel 1929, p. 78 ; Baisas 1931 6.

% Hitherto vmdesciibed ; the above is a brief description from material
kindly furnished to me by Dr. Puri. See also Lanibom 1921, p. 96
(paddle-hair).
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Jr of segment on VII, shorter on succeeding two segments,

moderately pointed. (III-IV) minute.

Hair B : (VI-VH) half to | length segment, 5 br. (IV-V)
4 br. (Ill) 6 br.

Hair C : (VI-VII) | length segment, trifurcate. (IV-V)
4 br. (UI) a br. C" (seg. VI) simple.

Larva *.

—

Clypeal hairs : very similar to A. kochi ; ic finely

frayed.

Shoulder hairs : inner short, with 3-5 br. , less than half length

of middle ; without conspicuous tubercle ; arising near base

of middle iiair. Metathoracic hair no. I forming poorly

developed palmate hair. Pleurai hairs as given under group.

Palmate hairs well developed on III-VII ; hair no. 1

not developed as palmate hair on I and II ; leaflets in colour

and general character similar to those of A . kochi. Hair no. 2

on I very short and hair no. very minute. Ventral anal
papUlse longer than dorsal, which are shorter than the plate

of the anal segment.

Egg f.—Of whale-back type. Upper surface narrow, linear ;

bosses at terminations clear and Ught coloured. Lower
surface ornamented with polygonal pale markings. Floats

narrow, occupjang shghtly less than middle f of egg, not

touching margins of upper surface ; float-terminations of

moderate size, more or less roimded ; float-ridges about
18 in number, deeply indented, with well-marked crest,

giving serrated outline to floats when viewed from above.

Frill fairly broad, erect, and not extended laterally
;
present

all round margin of dorsal surface ; mai'kedly striated in fuU
extent.

Identification.—The characteristic female palpi and the

numerous spots on the sixth vein in the male, without the

outstanding features of A. kochi (ventral scale-tufts) and
A. leucosphyrus (tibio-tarsal band), suffice to distinguish

A. tessdlaius from all other Indian species.

The absence of broad scales over the mesothorax will

distinguish it from A. punctulatus, occurring in the more
eastern portions of the Oriental Region. A. longirostris

Brug X resembles A. tessellatus, but is distinguished by the

very long proboscis and base of pf being nearer base of wing

* Labva: Stanton 1915, p. 171; 1926, p. 54; Swell, and Swell.

1919 a, p. 38 (punctulatus) ; 1920 b, p. 85 (punctulatus) ; Puri 19.'U,

p. 131.

See also Stanton 1912 6, p. 6 ; Mangk. 1919, p.' 70 (punctulatus) ;

Swell. 1921 a, p. 73 ; Lambom 1921, p. 93 (tail-hooks) ; Carter 1925,

p. 91 ; Senior White 1925, p. 218 ; Walch and Soesilo 1929, p. 46a
(peoten) ; Baisas 1931 6.

t Ego : Stanton 1913, p. 129 ; Christ, and Barr. 1931, p. 174.

X Brug, Meded. Volks. Ned. Indie, xvii, p. 424, 1928.
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than that of a/. It has only so far been recorded from New
Guinea.

DiSTBiBTJTiON.

—

A. tessellatus has a wide distribution

in the Oriental Region ; it has been recorded from New
Guinea *

; Molxtccas * (Boeroe, Oeram, Amboina, Ternate)
;

Philippines ; Formosa ; China (Hong Kong) ; Lesser
SUNDA Islands (Soembawa, Soemba f, Alor) ; Sumatea
(with Nias) ; Java ; Bobneo (with Poeloe Laoet) ; Cochin
China ; Tonkin ; Annam ; Malay Peninsula ; Siam

;

Burma, India, and Ceylon.
In the Indian area it is recorded from locaUties throughout

Burma, the Andamans, Ceylon, and East, South, and Central

Peninsular India, but not from anywhere north-west of

Gujarat, Indore, and Delhi, nor from the United Provinces.

Bionomics. ^

—

A. tessellatus in the Indian area is rarely

taken except in small numbers at a time, but has been
frequently recorded from houses and cow-sheds, and may
be regarded as more or less a domestic species (Christophers,

1912 ; Covell, 1927 ; James and Liston ; Sweet ; Ramsay
;

see also Walch). Stookes, however, seldom found it in houses,
even though larva) were abundant.

It is recorded as attacking man (Barnes ; Yamada), and
59 per cent, of females were found by Lamborn with blood
in the gut. It has also been caught feeding on buffaloes

(Brug and Walch), and found with buffalo-blood by the

precipitin test (Walch and Sardjito).

In the Indian area A. tessellatus breeds especially in small
pools (Covell ; Feegrade) ; it has been found in excavations by
the side of swamps (Samuel), in furrows in sugar-cane brakes
(Lalor), in rice-fields (Fry, 1912 : Strickland, 1923), and in

irrigation and seepage channels (Rao, 1929). Gater and
Rajahmoney class it as typically a shade-breeder, with
a preference for dirty stagnant water ; SweUengrebel and
Swellengrebel, 1919, also note its occurrence in dirty water.

Relation to Disease.—A. tessellatus has been infected

with M.T. parasites, but its susceptibiUty is low. In nature
it has been found infected in the Dutch East Indies once in

1,553 dissections.

* Records may relate to A. punctidatus in part.

t Soh. Stekhoven, Geneesk. Tijda. Ixii, p. 656, 1922 (pmiettdatua).

t The type-species for subgenus Myzomyia is A. siUipictuB Grassi,

wiiioh does not belong to the present group, and there is no other
of the earlier genera with a type-species included in the group as at
present constituted. Strictly, therefore, a new name shovud be given
to the present group if it is to be treated as a genus. But Theobald,
though he first gave A. roasii (A. subpictus), later gave A. funeatus
<Jiles as the type, and I have therefore selected this species as the type
without changing the name of the group.
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Group MrzoMV/A.

Christophers, Ind. Med. Res. Mem. no. 3, p. 44, 1924.

Type-species, A.funestus Giles J.

Pharyngeal armature with a double row of teeth differen-

tiated as "rods" and "cones," the cones without roots,

a strong lateral tooth on either side ; crest of pediment with a

single row of spines, usually rather short, posterior view not

usually bifid. Lateral flanges broad, often with some teeth.

Propleural hairs of adult present ; usually a single hair.

Female palpi with the apical segment short, wholly included

in apical pale band ;
pronotal lobes never with a scale-tuft

;

mesonotum commonly with hairs or hair-like scales ; if covered
with scales these are usually narrowish ; ornamentation
of wing very regular, pale areas on costa usually of moderate
extent ; femora and tibiae never speckled, tip of hind tarsus

rarely white ; tarsal banding, if present, usually narrow
;

abdomen withoiit scales, except some commonly on coxite.

Harpago usually with a stout apical hair, at most only
somewhat longer than the club, and a stout hair at least half

its length between this and the club. Leaflets of phallosome
usually shaped like a short pruning-knife blade and serrated

on one edge.

Pupa : spine on segments IV-VII (inclusive) large or

of moderate size and sharp, on IV not suddenly reduced
and blunt ; III minute, usually unchitinised. Hair C branched
on IV ; in this group C is also not infrequently bifid or

branched on some or all of segments V-VII, but the branches

are leash-like, not stiffly diverging, as with hair C in its usual

condition when branched.
Larva : clypeal hairs usually simple, but may be frayed

or with short lateral branches ; the cone-shaped appendiige

on the maxillary palp is not bifid. The full characters of the

pleural hairs for the group are given below :

—
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Species recorded from the Indian Area *.

The following species and varieties are recorded from the
Indian area :

—

A. dtfiali Patton. A. aconitus Don.
A. aeryenti Tlieo. A. jeyporiensis James.
A. culicijacies Giles. A. jeyporienais James, var. can-

A. fluviatilis Jamew. didiensis Koidzumi.
A. minirmis Then. A. tnajidi McConibie Young &
A. varuna Iyengar. Majid.

The following gives a general grouping of the species

;

for further particulars in identification see Key and notes

under the species :

—

Wing-fiold and friiigo without pale spots f ;

head-si'alos linear ; inesonotum shiny ;

frontal tuft ill developed. Extreme N.W. of

India only A. dthali.

Wing-field with pale spots ; fringe, or apex
at least, with pale area ; head-scales normal

;

mesonotum not so markedly shiny
Tarsi unbandod or, if banded, very

narrowly so, and not with pure white.
Palpal banding narrow or only the

apieal band at all broad. (For
further particulars see underA . culi-

cifacien A. scrgcnti

;

Palpi of female with two broad apical [4. culicifacies ;

bands. (For further particulars {A. fluviatilis.

see imder A. flwiatiiis.) A. minimus

;

Tarsi narrowly or broadly banded with [A. varuna;
white. [A. aconitus.
Hind tarsal bands narrow ; last

segment not white A. jeyporiensis.

Hind tarsal bands broad ; last seg-

ment white A. Tnajidi.

17. Anopheles dthaU Patton, 1905$. (Fig. 30.)

Patton, Joum. Bomb. Nat. Hist. Soc. xvi, p. 627, 1905 {A. dthali).
Type-loc. : D'thala, Hardeba, Sulek, Nobat (Aden Hinterland).
Type : unknown.

rhodesiensis of Christ, and Khazan Chand, 1915, and of Kirkpatrick,
1925, and other authors referring to India, Egypt, etc. Nee
A. rhodesiensis Theo. of South-East and West Africa (vide Christ.
and Puri, Ind. Journ. Med. Res. xix, p. 1133, 1931).

* Other species included in the group are : (Oriental) A. fitipinoB
Manalang ; (Ethiopian) A. rhodesiensis Theo., A. funestus Giles,
A. marshaUi Theo., A, austeni Theo., A. domicolvs Edw., A. freetownensia
Evans, A. flavicosta Edw., A. hargreavesi Evans, A. moucheti Evana,
A. pitch/ordi Giles, A. brunnipes Theo., A. rufipes Gough, A. distirictus
Newst. & Carter, A. walravenai Edw., A. longipalpia Theo., A. trans-
vaalenaia Carter, A. theileri Edw., A. weUcomei Theo. (not A. gamhami
Edw., as given by Edwards, 1932).

•f
Sometimes some pale areas are present at cross-veins.

} For references, see next page.
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Adult $ *.—A small, light-coloured, rather dehcate anoph-
«hne resembling in appearance A . culicifacies, with black eyes,

pale head, and shiny, transparent looking thorax (length of

wing 2-5-3-6 mm.).
Head : scales narrow, rod-like, unusually long, expanded

only at the apex, and atriations extending only about half-

way down the scale, not extending below level of neck, and
throughout of a light yellowish or yellow-brown colour

;

interocular vertex rather narrow ; vertical bristles yellow,

short, iinmodified hairs, forming a single row of about five

on either side ; about an equal number of narrow ocular

scales ; some pale lanceolate head- scales extending forward
in the middle ; frontal tuft practically absent or inconspicuous.

Avtennce, including torus, without scales. Palpi thin and
of uniform thickness to base, the last segment very short

;

index 0-3
; apex, including short last segment, dark or, if pale,

in certain lights, there is no definite band ; narrow pale

apical bands present at 2-3, 3-4, often indistinct, or palps

even appear unhanded ; rbs devoid of scales.

Pharynx : as for group. Filaments of cone flat, tapering,

with fimbriated end ; one or more sharp lateral teeth on each

side ; crest with a single row of numerous spines. Rods
with narrow ends, tapering from laterally flattened melon-seed-
shaped bases, with some spicules arising posteriorly towards
base.

Thorax with chsetse only on apn; propleural hairs 1.

Mesonotum unicolorous, shiny, often bluish, olivaceous,

or yeUow, and having a somewhat transparent glabrous

appearance, with lines of dark chsetee, but no scales or scale-

like hairs even anteriorly. Pleurae devoid of scales ; spiracular

hairs usually absent ;
prealar hairs absent or inconspicuous

;

upper mesepimeral about 7.

Wirigs as in fig. 30, 1, the wing-field and fringe, including

apex, usually entirely devoid of pale interruptions, but there

may sometimes be some pale areas at cross-veins. Scaling

of wing narrow and rather scanty ; max. str. 5-6.

Legs uniformly darkish except for some paling at apices

of femora and tibiae. Tarsus unhanded. Coxae without

scales.

Abdomen without scales ; usually blotched with dark and
light patches ; hairs noticeably Hght coloured. Cerci with

hairs only.

• Systbmatic : Patton 1905, p. 627 ; Christ, and Khazan Chand
1915, p. 182 ; CJhrist. 1916 o, p. 476 ; 1924 o, pp. 49, 92 ; Edw. 1921 6,

p. 278 i S6gHy 1924, pp.. 155 ; JCixkp. 1925, pp. 63, 172; Martini
1930, p. 183; Christ, and Pun 1931, p. 1133. See also references on
pp. 191-2. (footnotes). ,,
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Adult (^.—In general as in $. Palpi with tlie club narrow ;

usually uniformly dark except for diffuse pale area on dorsal
border of last segment ; rarely a pale spot may be present
at base of club (apex 3) ; marginal hairs forming a single

row dorsally and a double row ventrally. Ungues of normal
type. Abdomen entirely devoid of scales. Coxites with a few
small scales.

Fig. 30.

" A. dthati.

Wing of $, standard scale. 2. $ and $ palpi. S. Vertex.
4. Pharyngeal teeth : (o) anterior view, con© ; (6) more fimbriated
example ; (c) lateral view, cone ; (d) rod, anterior view ; (e) rod,
lateru view ;(/) posterior view of crests. 6. Head-scales. 6. Apex
of harpago. 7. Leaflets of phallosome, standard scale. 8. Leaflets
of palmate hair (after Puri).
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Hypopygium* : harpago with a stout hair sUghtly longer

than the club and a hair about half its length, also stout,

between this and the club. Phallosome about half length

of coxite ; with about 6-7 leaflets on each side, longest

somewhat more than ^ length of phallosome, several with
not very marked serrations and several largish ones plain.

The leaflets appear to differ from those of A . sergenti in being

somewhat more numerous and more equal in size, with a
larger number of well-formed leaflets unserrated.

Pupa f.

—

Paddle : external border with spines extending

to -base, the spines thin, pointed, replaced by hairs on pos-

terior border, which do not extend beyond the paddle-hair
;

paddle-hair long, hooked ; ace. hair branched.
Spine : (VIII) with (>-S lateral branches ; about length

of segment ; ace. hair branched. (IV-VII) sharp, well

developed, from J to half length of respective segments.
(Ill) small, chitinised.

Hair B : (III-VII) branched, from half to over | length

segments.
Hair C : (V-VII) simple (occasionally forked), longer

than segment. (III-IV) branched, less than length of segment.

C" (seg. 6) simple.

LabvaJ.—Clypeal hairs simple; oc shghtly longer than
half length ic

;
pc about same length as oc. Antenna darker

towards distal end ; hair arising J or a little more of
length of antenna from base ; terminal hair spht about
middle into 3-6 br. Mentum with three teeth on each side

of median tooth, adequal and equidistant ; a smaller tooth
sometimes present basally.

Shoulder hairs : the inner and middle arising from separate
chitinised bases, both feathered and large. Metathoracic

hair no. 1 fairly developed as palmate hair. Plevral hairs

as given under group; dpi with 4-5 br. ; the chitinised

tubercles with the projection on 1 produced into a pointed
spine, those on 2 and 3 poorly developed.

PaXmate hairs well developed on Il-Vn ; that on I with
poorly differentiated filament. Leaflets more or less uniformly
pigmented, the serrations at the shoulder not very deep and
the filament long and pointed, about f length of blade.

Lateral hair with 4-7 br. on IV, 3-5 on V and VI, very short,

with 3-5 br. on VII. Tergal plates with the anterior plate
moderately large, the posterior plate a little behind this and

• Hypopyoittm : Christ. 1915, p. 392 (rhodesienais) ; Kirkp. 1925,

p. 53 {rhodeaieneis) ; Christ, and Puri 1931, p. 43.

t Ptjpa : Kirkp. 1925, p. 55 (rhodesiensis) ; Senevet 1931, p. 106
(rfiodeaienais).

X Larva : Patton 1905, p. 627 ; Kirkp. 1925, p. 55 (rhodeaieMis) ;

Puri 1928, p. 522 {rhodeaienaia) ; Christ, and Puri 1931, p. 1136 ; Puri
1931, p. 145.
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two submedian oval plates, spc poorly developed ; mps not
so broad anteriorly as in A. culicifacies, and approaching
the chitinisation only near its lateral ends. Pecten with
4-5 long and 7-9 short projt«tions, nearly all with basal

serrations, ps hair with 5-7 long br. Caudal hooks 6-7
;

some branches of the isc also thick and hooked. Anul papillce

very short, vestigial.

Egg *.—As described by Patton resembles very much
that of A. sergenti, but according to Puri this is incorrect,

the egg resembling in general characters that of A. superpictus.

Upper surface broad, approximating to width of egg. Lower
surface unornamented. Floats absent. Frill broad, about J
width of upper surface, extending all round margin of surface

and striated throughout.

Identification.—A. dthali has a superficial resemblance

to A. culicifacies, but it cannot be mistaken for this or any
other Indian species if closely examined. It resembles in the

general character of its markings A . rhodesknsis (with which
it has usually been confused), but dilTers in the following

respects, among others :—Head-scales not black over occiput,

with pale vertical spot, but all pale and much narrower
;

palpi inconspicuously banded only ; mesonotum shiny and
scaleless in ..4 . dthali, but not m A . rhodesiensis ; wing-spots

less pronouncedly black and white and legs not so black. For
other differences, see Christ, and Puri, Ind. Journ. Med. Res.
xviii, p. 1133, 1931. For differentiation from A. sergenti,

see under that species.

Distribution.—Recorded from Palestine ; Sinai
;

SOMALILAND t ; SUDAN j ; S. ALGERIA f ; IJPPER MESOPO-
TAMIA ; Aden Hinterland ; Muscat ; Baluchistan and
N.W. India.

In the Indian area confined to the extreme north-west,

and up to the present not recorded outside Baluchistan and
the North-West Frontier Province.

Bionomics.—A. dthali has been found in tents, barracks,

and houses {Patton ; Sinton, 1917, 1922 ; Kirkpatrick), and
feeds readily in nature on man {Patton ; Kirkpatrick).

Patton found it breeding in springs and in a well. It was
found in the same area by Khazan Chand {Christophers and
Khazan Chand, 1915) in pools in a river-bed. At Muscat

* Egg : Patton 1905, p. 627 ; Edw. 1921 6, p. 268 ; Puri (in Christ,

and Barraud, toe. cit.) ; Christ, and Barraud 1931, p. 181.

t Specimens in the British Museum collected at Buran, 3,000 feet,

Brit. Somaliland {Major T. H. Twigg), Khor Gwob, Eastern Sudan
{Dr. R. C. M. Darling), and Djanet, Southern Algeria (Dr. Brouaaes).

From the last-mentioned locality one male was sent in 1928 together
with a number of 2? oi A. hispaniola; it has hitherto been overlooked.
—F. W. Edwards.
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Gill (1916) found it in pools in the beds of nullahs, especially

holes in volcanic rock fed by underground water, in an under-

ground aqueduct and its tank, and in wells. In Sinai (Kirk-

pairick) it bred, in almost all available water, in stagnant

weedy pools with a saUnity of 0-38 per cent., in swiftly

flowing small drain with saUnity of 0-5 per cent., in slow-

moving fresh water running over grass, and in weedy pools by
the side of fresh water streams. In India it is recorded in

deep pools full of water-plants and algse in the bed of a river

(Browse, 1927).

It was found prevalent by Sinton from July to September
and up to an altitude of 2,080 feet (Khajuri).

Relation to Disease.—Suspected by Patton to be a carrier

in Arabia, also by Kirkpatrick in Sinai, where at Kossaima
100 per cent, of the occupants of a police post contracted

malaria, and this was by far the commonest species. CoveU,
states that there appear to be no records of dissections.

18. Anopheles sergenti Theobald, 1907*. (Fig. 31.)

Theo., Mono. Cul. iv, p. 68, 1907 {Pyretophoms aergentii). Type-
I.O0. : Algeria. Type : described from 2 $!,? ; type in Brit. Mus.

cuUcifacies (Africa) of Edwards, 1912, 1913, and of Alcock, 1913,

dough, 1914, and Langeron, 1921.

Adult $ .—A small anopheline somewhat resembling in

appearance A. cuUcifacies (length of wing 2-5-3-6 mm.).
Head : scales of normal type, dark over occiput, with a pale

vertical spot ; vertex rather narrow ; vertical bristles pale,

forming a row on either side of about 8, anterior ones

flattened ; ocular scales broad, numerous, forming overlapping

line ; some pale lanceolate head- scales passing forwards

;

frontal tuft not well developed but distinct. Antenna with-

out scales on t, some narrow pale scales on first and often

succeeding fs. Palpi thinnish, of uniform thickness to base
;

last segment very short and entirely involved in pale apex,

index 0-3 ; apex pale, with narrow but well-marked pale bands
at 2-3 and 3-4 ; rba with scales.

Pharynx : as for the group. Filament of cone thom-Kke ;

crest with posterior portion somewhat divided off by notch.

Rods with expanded oval base, apical portion thom-like,

tapering, with two or three spinous projections arising along

length posteriorly.

Thorax with chaetae only on apn
;

propleural hairs 1.

Mesonotum somewhat darker over fossBB and lateral areas

• Systematic : Christ. 1924 c, pp. 47, 93 ; 1929, p. 523 ; Edw.
1921 6, p. 279; Kirkpatrick 1925, p. 56; S^guy 1924, p. 159. See

also Sargent, Ed. and Et., 1906, p. 249 ; 1909, p. 122 ; 1910, p. 909

;

Theo. 1907, p. 68 ; 1910 o, p. 38 ; Edw. 1912, p. 248 ; 1913, p. 48. See

also references on pp. 195-6 (footnotes),

DIPT.—^VOL. IV. O
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than in median area, but not markedly so, and varying

with the specimen and Ught-incidence ; covered with palish

hairs ; a conspicuous median tuft on anterior promontory
and a few narrow scales extending back from this a variable

distance up to about at most ^ of the length of the mesonotum
;

no lateral tufts. Pleurae devoid of scales ; spiracular hairs 2 ;

prealar 3 ; upper mesepimeral 8.

Fig. 31.

A. aergenti.

Wingof $, standard scale. 2. $ and 3 palp, same scale. 3. Vertex.
. Pharyngeal teeth : (o) anterior view of cone ; (b) lateral view
of same ; (c) anterior view of rod ;

" (d) lateral view of same.
5. Apex of hypopygium. 6. Leaflets 6f phallosome of one side,

standard eccde. 7. Clypeal hairs of larva. 8. Shoulder hiUis
of right side. 9. Mesothoracic pleural hairs.



GBOUP MYZOMYIA. 195

Wing as in fig. 31, 1 ; fringe with well-marked spots at all

veins except 6 ; vein 1 internal to inner dark costal spot,

all pale ; vein 3 usually dark, but may show an indistinct

paHsh. area about middle. Scaling rather narrow ; max.
str. 7-8.

Legs: front femora not swollen in basal half, uniformly
darkish except for pale markings at tips of femora and tibiae

of all legs ; tarsi entirely unbanded. Ooxaj without scales.

Abdomen without scales ; dark, with hght hairs. Cerci

without scales.

Adult ^.—^In general as in $. Palpi with club narrow

;

uniformly dark except for diffuse pale area at apex and
pale band at base of club (apex 3) ; marginal hairs forming
a single row. Coxite with some scales on outer aspect.

Hypopygium *
: harpago with stout spine about same

length, or a Uttle longer or shorter, than the club, a second
stout spine about half its length between this and the club.

Phallosome somewhat less than half length of coxite ; with
about three broadish leaflets and some more rod-like and
«picular ones, the main leaflet nearly one-half or one-third

longer than the next largest, all the flat leaflets distinctly

serrated through most of their length.

Pupa f.

—

Paddle : external border with fine spines on
anterior third, which change gradually to hairs in posterior

tliird and extend to paddle-hair
;

paddle-hair long, hooked
;

ace. hair branched.

Characters of the spine and chief hairs as in A. dthali,

except that hair C is somewhat shorter on VI and only about
as long as the segment on VII ; C has 2-3 br. on IV, and the

spine on III is very reduced and shghtly chitinised and
blunter.

Larva J.—Very similar to A. dthali, but differing markedly
in the pleural hairs and to a slight extent in spc and pecten §.

Pleural hairs as for the group, but dal (long hair) is sparsely

feathered ; dp\ with 4-5 lateral branches ; vp2 split into

2-3 br. The chitinized tubercles are well developed ; they

carry a curved spine on the prothorax, and the flattened

projections on the other segments are well developed.

* Hypopygium : Kirkp. 1925, p. 57.

t Pupa : Kirkp. 1925, p. 59 ; Senevet 1930, p. 303.

% Larva : Langeron 1921, p. 367 (cuZici/ocie*) ; Buxton 1923, p. 78 ;

Kirkp. 1926, p. 58 ; Purl 1928, p. 524 ; 1931, p. 166.

§ Puri, 1931, notea that speciiaens from the Canary Islands show
the inner shoulder hair with a chitinous base and two oval tergal

plates as described above, but that in specimens bred from the egg,

-on the N.W. Frontier, the inner shoulder hair was without a chitinised

base and the small oval plates absent. Langeron (Tunis) gives the
^>eoie8 as with a chitinous base to the inner shoulder hair.

o2
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Spc very poorly developed. The pecten with G-8 long and
4-8 short processes, i. e., more long processes in proportion

than in A. dtlmli and A. cuUcifacies.

Egg *.—^Upper surface with demarcated areas anteriorly

and posteriorly, anterior approximately same length and
width as posterior ; each about J length of egg. Lower
surfixce iinornamented. Floats occupying about middle two-
thirds of egg and extcmding to about an equal distance from
either end ; touching margin of upper surface ; float-ridges

13-15 ; float-terminations rather large, rounded. Frill

narrow, not continued past floats and ending in well-marked
tags.

luENTiFiCATiON.—See under group characters and under
A. cuUcifacies. The outstanding features of the species are :

main dark costal spot about equally long on vein 1 as on costa,

dark vein 3, weU-marked fringe-spots, vein 1 all pale in the
basal area, and as a rule some darkening of the lateral areas

of the mesonotum. The leaflets of the phaUosome should

afford assistance in the case of the male (see figures). Larval
characters useful in differentiation are the mesothoracic pleural

hairs and the low origin of the antennal hair. Whonyl. dthali

has pale areas at the cross-veins, the head-scales and dark
fringe, besides other features, distinguish it from A. sergenti.

DiSTBiBUTiON.—With a wide distribution in the Mediter-
ranean region. Recorded from Canary Lslands ; Algeria

;

Tunis ; Egypt ; Palestine ; Syria ; N.W. India.
In the Indian area recorded only from the extreme north-

west, the only locality recorded up to date being Jandola,
Waziristan (Puri).

Bionomics.—A. sergenti has been recorded as flying into

rooms and common in house (Annandaie) ; frequent in houses
(Buxton) ; in tents (Barraud, 1921) ; common house-fre-

quenting species, and formed proportion of house-caught
Anopheles tested for human blood [Kligler, 1928) ; readily

enters houses and bites fiercely after dark (Kirkpatrick).

A. sergenti has been found in Palestine breeding in small
pools and springs among stones at edge of lake (Annandaie),
often under the stones (Buxton) ; rare in marshes and chiefly

in small affluents from springs or marshes or pools associated

with larger bodies of water (Buxton) ; swamps from over-

running irrigation ditches and streams, slow-moving streams,

seepage channels, sluggish parts of wadis, seepage under rocks
and pebbles (Kligler, 1924). In Egypt it is found breeding
in rice-fields or stagnant or slowly moving water in channels
feeding rice-fields and sometimes in borrow-pits, usually with
aquatic vegetaion (Kirkpatrick). In the Canary Islands it

was found in pools in ravines, especially small rock-pockets

* Eoo: Theodor 1924, pp. 378, 381 ; Christ, and Barr. 1931, p. 181.
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{Christophers, 1929). In N.W. India it was found breeding
by Purl in irrigation channels and smail pools in river-bed.

A . sergenti appears to be a strong flier, as it readily traverses

distances under 2 kilometres, and was found in numbers
2 1 kilometres from nearest breeding place {Kligler, 1924).
Both sexes arc positively phototropic (Kirkjmtrick)

.

In Palestine and Egypt it is most prevalent in Sept.-Oct.
(Buxton \ Kligler; Kirkpatrick) . Large numbers of adults were
foimd by the last-mentioned author in underground aqueducts,
and he thinks they may Ue up in such situations in spring

and summer and issue in autumn to breed in the rice-fields.

Kelation to Disease.-—The seasonal prevalence of ^ . ser-

genti in Palestine closely coincides with that of M.T. malaria
(Buxton), but the only dissections recorded by Covell are
those of Kligler, in which 294 were all negative, 400 with
1 positive and 195 with 1 positive respectively. It has
been infected experimentally by Kligler, 1930, with M.T.

19. Anopheles culiclfacies Giles, 1901 *. (Fig. 32.)

Clilo.s, Kiitojii. Month. Mag. (2) xii, p. 197. 1901 {A. ailicifacics).

Typ£-LOC. : Hoshangabad, Central I'rovinc-os, and the Berars,
Dcfc-aii, India. Tyte : (J and !^ dest-iihed ; tvpe 9 in Brit.

Mus. ; lype ^ a specimen of A. lurkhudi.

Synonyms :

liMonii Giles, 1901, Entom. Month. Mag. (2) xii, p. 197 (A. Untonii).

Tyte-loc. : Eilic-hpur, Borars, India (Lieut. W. O. Liston).
Tyfe : (J and $ described, both A. culicifacies ; J an<l V types
in Brit. Mus. Syn. by Theo., Mono Cul. iii, p. 41.

indica Theo., 1901, Mono. Cul. i, p. 183 (A. inilica). Type-loc. :

Madras. Type : described from a single $ ; type in Brit.

Mus. Syn. by Theo., Pro<-. Roy. Soc. Ixix, p. 377,']902.

pvnjabe.nsis James, 1911, in James and Liston, Anop. Mosq.
India.. ji. 72 (M. culicifacies var. punjabcnsiK). Type-loc. :

Tunjab, India. Ty'pe : type $ in Brit. Mus. Syn. (pigment
anomaly) by Christ., Ind. Jour. Med. Res. iii, p. 463, 1916.

Recognized Variety :

adewnnis Christ., 1924, Ind. Jour. Med. Res. xii, p. 296, lit24

(A. imlic.ifacies var. atlenensis). Type-loc. : IJaral Amir, Aden
Hinterland. Type : numerous specimens in Mai. Stirvey of

India collection and in Brit. Mus. Not recorded from Indian
area.

The (J type of A. culicifacies Giles is a specimen of A. lurkhudi

(vide Theo., 1903, p. 41) as also Theobald's description of the S taken
from Giles's type (Theo., 1901, p. 310). Giles, however, gives no
distinctive description of the $, so that Brunetti's contention (Brun.,

191 2, p. 404) that the name culicifacies should have been retained

for the male may be regarded as invalid.

* Systematic: Liston 1901, p. 365; James and Liston 1904, p. 106;

1911, p. 69, Edw. 1912, p. 248 ; 1921 6, p. 279 ; Christ. 1916, p. 463 ;

1924c, pp. 20, 81. See also (culicifacies and indicus) James 1902, p. 33 ;

Giles 1901a, p. 197; Theo. 1901, p. 183 (indicus), 309; 1902, p. 377

(indicus), 379 ; 1903, p. 39 j 1910 a, p. 25 ; 1910 6, p. 2. See also

references on pp. 200, 201 (footnotes).
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A. sergenti Theo. was given by Edwards, 1912, p. 248, as synony-
mous with A. culicifacies, and has on this account been referred to

by some writers as this species.

The varietal form (var. adenensis), from Aden Hinterland only,

differs from the type-form in the very wide costal pale areas, and is

only provisionally considered as distinct.

Adult $ .—^Size small to medium (length of wing 2-5-

3-5 mm.) ; attitude during life somewhat Culex-like.

Head : scales of normal type, with a not very white vertical

pale spot; vertex rather narrow ; vertical chsetaj pale or darkish,

not flattened, forming row of about five hairs on either side,

making very imperfect frontal tuft ; ocular scales narrow,

scanty. ATtiennce : t devoid of scales, a few minute scales

only on first fs. Palpi with terminal segment very short,

index 0-37; a narrowish pale apical band (involving, however,

the whole of the short terminal segment) and narrow bands
at 2-3, 3-4 ; dark area between apical and subapical pale

bands many times length of apical pale area.

Pharynx : filament of cones rather narrow at base, long,

tapering towards end, with some spicular branches towards
termination and slightly fimbriated ends ; a well-developed

lateral tooth on either side, with three or four post-filament

spines continued into line of spines along crest ; the crest

rather short. Rods tapering rapidly from expanded base,

where there may be a few spicules, terminal portion simple,

rod-like.

Thorax with chsetae only on apn, propleural hairs 1. Meso-
notum rather pale, unicolorous ; median area with dark
chaetaj and small, hght-coloured, somewhat thickened, curved
hairs ; fossae bare, with chsetse only ; op sometimes with a few
pale scales in middle Une, usually bare of scales or nearly so.

Pleurae devoid of scales ; spiracular hairs 0-2 (minute)

;

prealar about 4 ; upper mesepimeral about 13.

Wings as in fig. 32, 1 ; base of costa with an interruption

just external to humeral cv, and usually a further interruption

at inner end of inner dark costal spot, vein 1 opposite the
first such interruption with a dark spot. Vein 3 aU dark, but
sometimes with a pale area about its middle. Fringe usually

with rather inconspicuous spots at 4.2 and 5.1 only, sometimes
lacking. Scafing of wing narrow, but the plume-scales rather

long and noticeable ; max. str. 7-8.

Legs : front femora not swollen in basal half. Femora
unicolorous, with little or no paling beneath or at base or apex

;

tibiae similarly dark, but somewhat pale at apices ; tarsi

usually entirely unhanded. Coxae pale, devoid of scales.

Abdomen entirely devoid of scales even on ceroi.

Adttlt ^.—^Markings in general as in $. Antennae with
some dark scales on first /«. Palpi ornamented, as in fig. 32, 8

;
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a well-marked pale area at basal articulation of club ; mar-
ginal hairs forming a row of about two deep along margins
of segments 4 and 5. Abdomen entirely without scales

even on coxites.

Fig. 32.

A. cuUcifacies.

$ wing, standard scale. 2. 3 smd $ palp, the two upper figvues

same scale ; lower figure showing short apical segment. 3. Vertex.

4. Pharyngeal teeth : (o) anterior view of cone ; (6) lateral view
of same ; (c) a rod and posterior view of creat. g. Apex of harpago.
6. Leaflets of phallosome of one side, standard scale. 6 a. Ditto,

var. adenenais. 7. Clypeal hairs of larva. 8. Mentum.
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Hypopygium *
: harpago with apical spine about same

length as club, and a smaller spine between this and club.

Phallosome somewhat less than half length of coxite, with

six or more leaflets on each side, at least four of these being

large, well developed and serrated, the largest leaflet between

^ and half length of phallosome, the next largest almost as

long.

Pupa f.

—

Paddle : external border smooth basally, spines

only becoming prominent in posterior third, these long,

fine-pointed, gradually changing to hairs which do not

quite continue to the paddle-hair. Paddle-hair long, hooked
;

aoc. hair simple or bifid at end.

General arrangement of spines and chief hairs as in 4. dthali,

but spine on JV still about half length of segment, that on III

minute, non-chitinised. Hair C on V-V'II only somewhat
longer than the segments, with 4-5 branches on IV^. C (seg. VI

)

simple.

Lakva %.—Clypeal hairs : simple, rather stout ; oc | to

f length ic
;

j)c a little shorter than oc. Antenna dark near

distal end ; hair arising about | length of antenna from base
;

terminal hair spht about its midtUe into 3-5 br. Mentum
usually with three teeth on either side of the median tooth,

the first of the series very short, the next larger and projecting

as far forward as the second, the third placed further back,

sometimes with another small tooth behind it.
,

Shoulder hairs : inner and middle stout and feathered,

both arising from chitinous bases. Mektihoracic hair no. 1

forming fairly well-deve]oi)ed palmate hair. Pleural hairs

as given under group ; dpi split into 2-3 br. ; vp2 bifid in

some specimens.

Palmate hairs well developed on I-VII, that on I not so well

developed as the others ; leaflets more or loss uniformly
pigmented except near distal end, which is somewhat darker ;

the filament broad at its base, long and pointed, somewhat
over two-thirds length of blade ; serrations rather shallow.

Lateral hair on IV-VI long and split near base into 2-3 br.
;

that on VII very short, with 2-3 br. Tergai plates with the
anterior plates fairly large, and two submedian oval plates

present, spc well marked ; the mps fairly broad anteriorly,

its anterior border nearly touching spc. Pecten with 3-4 long

* Hypopygium: Christ. 1915, p. 392.

t Pupa : Senevet 1931, p. 66.

t Lahva ; Puri 1931, p. 141. See also James 1902, p. 34 ; Steph. and
Christ. 1902 6, p. 8 ; Theo. 1903, p. 42 ; James and Liston 1904,
p. 108; 1911, p. 71; Edw. 1922, p. 91; Iyengar 1922, p. 631;
Strickl and Chowd. 1927, p. 40 ; Puri 1928, p. 522.
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and 10-13 short processes, all with fine serrations on their

basal half, ps hair rather short, with 6-9 br. arising near

base. Caudal hooks 5-6, fairly well formed.

EvAi *.—Whale-back-shaped. Upper surface about ^- width
of egg, elongate oval or slightly hourglass-shaped. Ventral

surface uuornamonted. Floats not touching margin of upper
surface, occupying a little less than the middle f of the

egg-length, and extending to about an equal distance from the

two ends of tht* egg. Float-ridges about 15-1 H, moderately
smooth and rc^gular, and not crested as in A . fluviatilis ;

float-

terminations rather large, rounded, somewhat flattened.

Frill moderately broad, extending all round margin of upper
surface, and striated throughout.

Identification.—The following are differential characters

from A. scrgenti and A. fluviatilis :
—

Fringo with iiujnorons spots ; vein 1 pale in basal area.

i-'rout of thorax witli scales.

Miildlo costal spot scarcely shorter on vein 1 than
f)n eosta ; sides of mesoiiotum not markedly darker
than median area ; vein 'i dark ; phallosomo with
more than three leaflets on each side scrgenti.

Middle spot distin<-tly shorter on vein 1 than on costa ;

sides of mesonotum markedly darker than median
area ; vein 3 usually extensively pale ; phallosoine
with three leaflets and sometimes an additional
small .spicule on each side fluviatilis.

Fringe with at most two spots ; vein 1 with a dark spot
opposite the pale interruption on costa outside
humeral cross-vein. Mesonotum unicolorous, rather
light-coloured ; vein 3 dark, sometimes with a pale
spot ; leaflets more than three on each side. Front of

thorax with few or no scales culicifacies.

In A. sergenti the head- scales are darker over the occiput,

the frontal tuft somewhat more developed, and the penultimate
segment of the palps may be longer, with, in some instances,

a rather broad second pale band. In A. fluviatilis the frontal

tuft is much more conspicuous and the markings of the wing
usually more vivid.

From A. turkhudi the male can be distinguished by the

absence of the extensive white areas on the shaft of the palpi

and other characters.

Distribution.—^Recorded outside the Indian area only
from SiAM ; Tonkin f ; South Arabia (Muscat, Aden).
In the Indian area recorded from innumerable locaUties

from Burma to Baluchistan and including Ceylon. It has
not been recorded from Kashmir proper (altitude throughout

* Steph. and Christ. 1902 6, p. 8 ; Christ, and Barraud 1931, p. 182.

t Private communication from Dr. Tonmanofi.
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over 5,000 feet), but occurs up to moderate altitudes on the

Himalayan foothills. The western limit given by Indian

records is from Seistan (Kharan), the Zhob and Quetta-

Peshin Districts of Baluchistan and Waziristan, Bannu,
Kohat, Peshawar and Hazara Districts of the N.W. Frontier

Province. The eastern hmit of records extends to the extreme

N.E. of Assam (Sibsaugar and Lakhimpur Districts) and
the eastern frontier of Upper Burma through the districts

of Myitkyina, Bhamo, and the Northern and Southern

Shan States ; in Lower Burma it is only recorded from
Papun (Salween Dist.). It has not been recorded from the

Andamans.
Bionomics.—Found abundantly in houses, cov .sheds, out-

houses etc. Often difi&cult to estimate numbers from its

habit of secreting itself in holes, among dung-cakes, in chaff

etc. (Adit; James and Liston : Fry, 1912; Richmond and
Mendis) . Feeds readily on man in nature and experimentally

;

observed feeding actively on cattle at dusk (Feegrade, Katha)
;

found to feed readily in laboratory on pigeons and sparrows

{James and Liston).

Breeds in a large variety of situations, but usually in clean

fresh water ; found especially in irrigation channels, in leaks,

I)ools in canal beds etc. ; in slow-moving streams and nullahs

and pools in sandy river-beds ; in freshly formed collections

of rainwater of various kinds, in shallow tanks, borrow-pits

especially with grassy edges, in fallow rice-fields (jamAS, 1903

;

James and lAston ; Hodgson ; Graham ; Senior White, 1930

;

Sinton, 1931 ; Covell and Baily). Also frequently recorded

from wells {Bentley ; Oill, 1916). Eecorded from brackish

water (Chahm, 1924).

Ordinarily a plains species and occurring at moderate
altitudes, but recorded at 5,500-6,500 feet (Quetta, Davys)

;

a single specimen found at 7,500 feet (Murree, Gill, 1923).

Most prevalent in northern India in May to November, and
winters as larva (James, 1993; Christophers, 1911 ; OraJiam;

Hodgson ; Sinton, 1917 ; McCombie ; Young and Majid

;

Richmond and Mendis).

Relation to Disease.—^The most important malaria-

carrying species in India, except perhaps in the eastern areas.

Transmits all forms of the parasite experimentally, and has
frequently been found infected in nature with both gut and
gland infections, the percentage commonly 5 per cent, or

more.
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20. Anopheles fluviattlis James, 1902*. (Fig. 33.)

James, Sci.Mem. Govt. India, n. s. no. ii, p. 31, 1902 (A.fluviatUis).
Type-loo. : described from specimens from the Duars (Jal-

paiguri Dist.), Nagpur, and the Jeypore Hill Tracts. Type :

unknown.
Ustonii Liston, 1901, Ind. Med. Gaz. xxxvi, p. 361 {A. Ustonii).

Type-loo. : BUichpur, Central Provinces, India. Type :

two 9$ labelled " Decean, Capt. Liston " in Brit. Mus. Syn. by
Edwards, Gen. Insect. 1932.

leptomercs Thee, 1903, Mono. Cul. iii, p. 38 (Myzomyia leptomeree).

Type-loo. : India (Lahore). Type : described from a single $ ;

type in Brit. Mns. Syn. by Christ., Ind. Mod. Res. Mem.
no. 3, p. 49, 1924.

Edwards, 1932, has recently elected for the name fluvicUUis, which
is the corret!t name for the species, vide Christ., 1924 c, pp. 46, 49 f-

Theobald, Mono. Cul. iv, p. 51, 1907, wrongly sank both A. fluviattlis

James and A. Ustonii Liston under his A. ckristophersi, which species
was, however, later shown by Edwards, Bull. Ent. Kos. iv, p. 222,
1913, to bo distinct, and the correct name for which was later. Bull.

Ent. Res. vi, p. 156 (footnote), 1915, given by him as A. minimus Theo.
Recently Strickland, Ind. Jour. Med. Res. xii, p. 145, 1924,

followed by some other authors, has considered A. Ustonii (fluviatilis)

and A. chrislophersi (minimus) as synonymous with the African species
A. funeatue, but incorrectly, as shown by Christ, and Puri, 1931,

p. 486 ; in addition to differential characters there given, it may be
noted that the leaflets of the phallosome are quite difierent, as
described later J.

A. Ustonii of Kinoshita, 1906, p. 635, and some other Japanese
authors, of Secrete, 1917, p. 418, of Carter, 1925, p. 71, and possibly
of Barnes, 1923, p. 121, is A. minimus; A. Ustonii oi Cogiti, 1903,

p. 327, is probably A. varuna, vide Edw., Bull. Ent. Res. xiii, p. 90,

1922, and Iyengar, Ind. Jour. Med. Res. xii, p. 27, 1924.

Adult $.—Size small to medium (length of wing 2-4-

3-6 mm.) ; attitude markedly anopheline-like.

* Systematic : Liston 1901, p. 361 ; James and Liston 1904, p. 103;
1911, p. 73 ; Edw. 1913, p. 222 ; 1915, p. 156 ; 1922, p. 90 ; 1931

;

Christ, and K. C. 1915, pp. 186, 190 (leptomeres) ; Christ. 1916,

pp. 466, 467 (Uptom.); 1924, pp. 46, 49 (leptom.), 95. See also

(fluviatUia or Ustonii) James, 1902, p. 311 ; Theo. 1901, p. 311 ; 1903,

pp. 27, 38 (Uptom.) i 1907, p. 51 ; 1910, p. 24 ; Stanton 1914, p. 517 ;

Iyengar 1924, p. 24 ; Strickland 1924, p. 145 ; Shiugarew 1926, pp. 47,

48; Martini 1930, p. 175. See also references on pp. 206-7 (footnotes).

t A. listoni Giles by description and type is clearly A. culicifacies.

A. listoni Giles as described by Liston was, however, actually the now
species which Giles presumably intended to describe, and which has
lutherto been known as A. Ustonii Liston ; the latter name is, of course,

preoccupied by A. listoni Giles, and the next name in precedence
IS A. fluviatUia James.

X The South African A. fvnestus var. leeaoni Evans (1931) is very
close indeed to A. fluviatilis, and from the data available appearEf

probably specifically distinct from funestus. If eventually shown to be
oonspecific -with fluviatilis, it will provide another instance of an anoph-
eline species ooimnon to India and Africa (cf. A. dthali).
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Head : scales of normal type, with an extensive white vertical

area ; vertical chsetse white, anterior ones flattened, forming

a row ending in a cluster of three or fom* hairs ; ocular scales

forming several rows ; frontal tuft well developed. Ardennce :

t devoid of scales ; first, and sometimes second, fs with a few
narrow inconspicuous scales. Palpi rather thin, straight,

cyUndrical ; index 0-47 ; scales present on rhs ; ornamented
as in lig. 33, 2, apical segment all white, with extreme tip

of proceeding segment and narrow pale bands at 2-3 and 3-4

;

black band between apical and subapical pale band usually

four to five times length of subapical pale band and at least

half length of dark area between subapical and more basal

pale band. Labium dark, without flavescence of any kind.

Pharynx as for group. Filaments strap-like, with fim-

briated ends and some lateral spicules ; lateral teeth mode-
rately developed and spines behind base of filament and thence

along crest ; crest stout, conical or somewhat club-shaped

in optical section. Rods about length of cones or a little

shorter ; conically tapering, with sHghtly bulbous swelhng
in basal half; terminal portion simple, thorn-like, without
spicides.

Thorax with chaetse only on apn
;

propleural hairs 2.

Mesonotum with median area pale, fossae and lateral areas

dark brown ; median area covered with pale hairs or hair-hke

scales, sometimes a fittle broader along the line internal

to the fossae and lateral bare areas, the sciiUng somewhat
broader sometimes in large specimens, especially from the

north-west area, but never clear white as in J. jeyporiensis
;

a median-scale tuft on ap and sometimes some dark scales

on lateral angles. Pleurae dark, often with horizontal pale

lines in the usual situations ; spiracular hairs 0-2 minute.
Wing as in fig. 33, 1 ; af very long, twice or more length of

petiole ;
costa towards base uninterruptedly dark and con-

tinuous with dark area of inner spot ; vein 3 usually exten-

sively pale but not unfrequently dark or largely dark
;

no fringe-spot at vein 6. Two forms of wing-ornamentation
appear to occur ; in one the branches of veins 2 and 4 and
5.1 external to the cross-vein are continuously dark (form a),

in the other there is a pale spot on 5.1 and commonly on 4.1

(form 6) ; it cannot be said that these are definite varieties.

ScaUng of wing rather narrow ; max. str. 8-9.

Legs : front femora not swollen in basal half. Femora
uniformly dark, little or no paler beneath, very narrowly
pale at base and without pale band apically ; tibise similarly

dark ; tarsus on all legs uniformly dark, sometimes with
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Fig. 33.

205

A . fluviatilis.

I. Wing o£ 9, standard scale. 2. (J and ? palp, same scale. 3. Vertex.
4. Pharyngeal teeth : (o) anterior view of cone ; (6) two other
cones, showing variation ; (c) lateral view of cone ; (d) anterior
view of rod ; (c) two cones and a rod, the partly dotted teeth are
the post-filament spines, the unbroken line above them posterior
views of crest; (/) crests and bases of rods, viewed from above ;

(g) cones, showing crest and post-filament teeth. 6. Apex of
harpago. 6. Lea&ts of one side of phallosome, standard scale.

7. Basal tubercles of pleural hairs of left side : (a) prnthorax ;

(6) mesothorax ; (c) metathorax. 8- Leaflets of palmate hair.

(7 and 8 after Puri.)
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a faint indication of narrow banding at the joints. Coxae

commonly pale, devoid of scales.

Abdomen dark, with darkish hairs, entirely devoid of scales

even on cerci.

Adult cJ.—Markings in general as in $. Antennce with

a few small dark scales on first fs. Palpi ornamented as

in fig. 33, 2 ; marginal hairs stoutish, dark, forming about a
double row. Abdomen entirely devoid of scales except on
coxites, which have dark scales on outer surface.

Hypopygium *
: harpago with large stout apical spine

somewhat longer than the club and a spine about f its length

between this and club. Phallosome between half and | length

of coxite, with three leaflets and sometimes a small additional

spicule on each side, the longest about J length of phallosome,

the other two about | its length or smaller ; all markedly
serrated. Ninth tergite with angular projections.

Pupa j-

—

Paddle : external border with spines fine and
sharp, prominent only in posterior third, giving place gradually

to iiairs wliich extend to paddle-hair
; paddle-hair long,

hooked ; ace. hair removed abo\it its own length, branched.
Arrangement of spines and chief hairs very similar to that

in A. culicifacies ; spine IV-VII approximately half length

segment, that on III minute, non-chitinised. Spine VIII short

;

ace. hair trifid at end. Hair C on V-VII longer than segment,
on IV with rather numerous branches (or 3 as figured by
Senevet). C (seg. VI) simple or bifid.

Larva J.

—

Clypeal hairs simple ; ic and oc stout, the
latter half to f length of former ;

pc slender, about half length
ic. Antenna dark or dark distally ; hair arising ^ length

of antenna from base ; terminal hair with 4-6 br. Mentum
with four teeth on each side of median tooth, first tooth small

and blunt, next two equal, fourth smaller and placed further

back.

Shoulder hairs : inner and middle arising from basal
tubercles, which may or may not be fused ; inner less than
half length of middle, stout, with numerous branches ; outer
arising in some cases from basal tubercle of middle hair.

Meta&oracic hair no. 1 forming very well-developed palmate
hair. Pleural hairs as given under group ; dpi with 3-4 br.

Basal tubercles large, the projection on 1 forming a sharp
spine, on 2 and 3 broadly rounded.

• Hypopygium : Christ. 1915, p. 392 {funestua).

t PtJPA : Senevet 1930, p. 309.

X Larva: James 1902, p. 32 ; James and Listen 1904, p. 105 ; 1911,
p. 74; Iyengar 1922, p. 632 (tail-hooka); Striold. 1924, p. 145j Striokl.
and Chowd. 1927, p. 39 ; Pun 1928, p. 522 ; 1931, p. 153.
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Palmate hairs well developed on I-VII, that on I somewhat
smaller than the others. Leaflets with distal end almost
invariably very hght in colom-, with deeply pigmented area

just proximal to this ; filament about half length of blade,

very fine and drawn out, its distal end difficult to see and
appearing shorter than in A. minimus ; serrations at shoulder
very variable. Lateral hair on IV long and split near base
into 3 br. ; on V and VI ditto with 3-4 br. ; on VII very short

and slender, with 3-5 br. Tergal plates with the anterior

plate extremely large, sometimes nearly as wide as the width
of the larva, and including the median posterior plate, whilst

the two submedian oval plates are free. Hair 0, arising

a Uttle behind posterior border of tergal plate, better developed
than in most species and somewhat more so than in

A. minimus ; it is simple or bifid on 11, and may be split

about its middle into 2-5 br. on other segments, spc poorly
developed ; mps narrow in anterior portion, with finger-like

projections extending towards spiracles. Pecten with 5-8
long and 8 short projections, all finely serrated on basal half,

length of the long spines very variable, ps hair with 6-9
long branches arising near base. Caudal hooks 5-6. Anal
papillae a little shorter than anal segment.
Egg *.—Whale-back type. Upper surface about | total

width of egg ; elongate-oval or most usually divided into

two shorter ovals, the surfaces in either case entirely sur-

rounded by frill. Lower surface unornamented. Floats

not touching margin of upper surface, occupying a considerable

portion of the egg-length, but with at least ^ of the egg-length

left at either end ; float-ridges very well marked, somewhat
crowded together, with double contoured crests ; float-ter-

minations moderately large and not markedly elongate.

Frill narrow ; reduced almost to a line in its middle portion

when upper surface is not broken into two.
Identification.—See under main synoptic table, under

the group, and notes under A. culicifacies. Distinction

from A. minimus, and especially from A. varurw,, may be
difficult if the palpal ornamentation is ambiguous. The
leaflets are very similar in fluviatilis and minimum, though
distinct from A. varuna and A. funestus. Differences in the
larva between fluviatilis and minimus are small (see under
respective descriptions). Specimens with typically marked
palpi, which form the great majority, should offer no difficulty.

A. jeyporienais should be borne in mind ; in that species,

if the tarsal banding is not perhaps so distinct as usual,

the mesothoraoic scaling is quite distinctive, and the inter-

rupted base of the costa will usually arouse suspicion.

* Ego : Christ. 1911 6, p. 66 ; Christ, and Barraud 1931, p. 182.
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Distribution.—Recorded outside the Indian area only

from SiAM ; Tonkin *
; Tuekestan.

Has a wide and general distribution throughout India,

especially in foothill areas and hilly or rocky tracts . In Burma,
especially in Lower Burma, it is less frequent and is only

recorded from the Akyab District in the latter area. It is

very abundant in the north-west, and is recorded from various

districts throughout Baluchistan and the N.W. Frontier

Province, including Swat Territory, and also Kashmir.

It appears to occur in Ceylon, and tlierc is a specimen from

this area in the collection at KasauU, but possibly some of the

records relate to A. minim,us.

For a list of verified localities see Clirist. and Puri, 1931.

Bionomics.—Occurs commonly in houses and cowsheds

Graham: Christ., 1911; Richmond and Mendis) and may
exhibit a preference for the former (Perry). It feeds readily

on man in nature and experimentally and readily on pigeons

and sparrows in the laboratory {James and Liston).

It breeds especially in pools in stream-beds and slow-

flowing water with vegetation, springs and irrigation leaks etc.,

also at edges of swamps, at lake margins, and in drains, ponds
and tanks {Graham; iSinton, 1917; Christ., 1911). Records

for wells, chiefly from South India, possibly relate to A . varuna.

Some older references to breeding in flowing streams in the

eastern areas probably relate to A. minimus.

It has a prevalence in North India similar to that of

A. culicifacies {Sinton, 1917) ; at Peshawar it occurred from
May to November, but neither larvae nor adults were found
from July to October {Richmond and Mendis). It is recorded

at 6,000 feet in Kashmir {Gill, 1920), and two specimens were

taken by this author (1923) at Murree (7,500 feet). James
and Liston state that it is a strong flier and has been found
in houses more than half a mile from breeding places.

Relation to Disease.—Though A. fluviatilis is regarded,

together with A. minimus, to which the earlier observations

of natural infections relate, as an important malaria carrier,

there are no experimental successful feedings recorded.

Nevertheless Perry found 4 per cent, gland infections in the

Jeypore Hill Tracts in what was, as far as is known, this species,

and there is no reason to doubt that, with other members of the

minimus group, it is, where it occurs, an important carrier

species.

* Private communication from Dr. Toumanoff, who has kindly sent
specimens of this species.
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21. Anopheles minimus Theo., 1901 *. (Fig. 34.)

Theo., Mono. Cul. i, p. 186, 1901 (A. minimus). Type-loc. :

Pokfulam, Hong Koug. Type : described from a singlo
female ixotod by Theobald as in Dr. Reos's collection.

christophersl Theo., 1902, Prop. Roy. Soc. Ixix, p. 378 (A. christo-

phersi). Type-lo(;. : Bengal Duars, India. Type : de.scribeil

from 2 99 ; type $ in Brit. Mus. Syn. by Edwards, Bull. Ent.
Rea. vi, p. l.^f) (footnote), 1915.

formoaaensis I Tsuzuky, 1902, Arch. f. Schiffs. vi, p. 287 {A. for-
mo/iacmiis 1). Type-loc. : Formosa. Type: (J and 9 specimen
in balsam in Brit. Mus. Sy'n. bv Christ., Ind. Med. Res. Mem.
no. li. p. 49, 1924.

cohmsa Douitz, 1903. Zoit. f. Hyg. xliii, p. 233 {A. aronitiis var.
cohmsa). Chaugo of name by Donitz, loc. cit., for Tsuzuky's
speci&s A. formosaennia J. Syn. by admission of describer.

alboapicali« Tlieo., 1910, Mono. Cnl. v, p. 25 {M. christophersi

var. alboapicalis). Ty'pe-loc. : Meonglas, Bengal Duars. Type :

described from ? ; type in Brit. Mus. Syn. by Christ.,

Ind. Med. Re.s. Mem. no. 3, p. 50. 1924.
favirostris- Ludlowf, 1914, Bull. no. 4, Surg. -Gen. Off., Washington,

and also Psyche, xxi, p. 30 (Myzomyia flavirostris). Type-loc. :

Camp Wilhelm, Tayabas, Luzon, P.l. Type : 4 § types in

U.S. Nat. Mus. {vide. Dyar and Shannon, Insoc. Inso. Mens.
xiii, p. 87, 1925). Tiiia is the species previously referred to by
Ijudlow as A. funeMUH, vide liUdlow, Bull. Ent. Res. vi, p. 155,
1915. Sy'n. by Olirist., loc. cit.

merak {cohcena) Mangkoewinoto. 1919, Meded. v. d. Burg. Geneesk.
Ned. Indie, 1919, D, ii. p. 57 {M. aconita var. merak (cohcesa)).

Type-loc. : Merak, West Java. Type : unknown. Syn.
by Christ., loc. cit.

There had been a groat deal of confusion regarding the nomenclature
of this species until Edwards, Bull. Ent. Res. vi, p. 156, 1915, established

the synonymy of A. christophersi Theo. as A. minimus, following up
his previous distinction of this form from A. listonii. Bull. Knt. Res. iv,

p. 222, 1913. For this reason records of, and references to, these

species and to A. aconitus prior to about 1916 cannot be trusted

as necessarily referring to the species named. Even up to quite
recently the identification of those related forms has been very uncertain,

vide Christ, and Puri, 1931.

The Philippine forms mangyaniis Banks and febrifera Banks have

* SY.STEMATIC : Edw. 1913, p. 222 ; 1915, p. 156 ; Ludlow, 1915^

p. 155; Christ. 1916, p. 473; 1924 c, pp. 49, 95; Koidzumi, 1924.

p. 98; 1930, p. 233; Rodenw. 1921, p. 153 : Swell. 1919, p. 5 ; 1921,

p. 66 ; Swell, and Swell. 1920, p. 88 ; Iyengar 1924, p. 24 ; Strickland

1924, p. 150 ; 1925, p. 11 ; Yamada 1925, p. 447 ; Borel 1929, p. 42 ;

Manalang 1930, p. 247 ; Christ, and Puri 1931, p. 488 ; King 1932.

Only ihe more recent references are given ; for a more detailed list

Yamada should be consulted. See also references on p. 211 (footnotes),

t According to King (1932 6) the Philippine form (var. flavirostris}

differs in some respects from typical A. minimus as occurring at Hong
Kong. The characters given by King as distinguishing the var.

flavirostris are also found in the Indian , mimmM*, but further research

is needed before it can be established whether the Indian is strictly

identical with the Philippine form, and what is the exact relation

of both to the Hong Kong type.

DIPT.—^vot. rv. P
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been regarded as synonymous with A. minimus, but very recently

have been treated by King (1932) as a distinct species (see under
" Identification ").

A. minimus is the A. listoni of Kinoshita and of Stephens and Christ.,

and probably of many early references to A. listonii. It is also the
A. Junestus of Ludlow, 1905, of Barber and Walker, 1914, and more
recently in part of Strickland, Carter, Manalang and some other authors.

A very full description, with synonymy.is given by Yamada, 1925, p. 447.

Adult.—Closely resembles A. fluviatilis and other

members of the series, the chief characteristics by which it is

distinguished being given in the section on identification.

The female palpi have two broad white bands apically,

the subapical one usually as broad, or nearly as broad, as

the apical, and the dark area between the bands usually

about the same extent as either of the pale bands, rarely

exceeding twice the extent of the subapical pale band, and
usually ^ or less of the extent of the dark area between the

subapical and the more basal band. The proboscis may be

dark or may show a small flavescent area in the distal half

on the ventral aspect, which, when present, is very charac-

teristic of the species. The wing rarely shows a fringe-spot

at vein 6 and the base of the costa is very constantly with

a small pale interruption at the inner side of the inner costal

spot. This may be only a scale or two, or perhaps only

on one wing, but it is generally to be seen in some form
if carefully looked for, thus differing from A. fluviatilis and
A. varuna, where such an interruption, however small,

is rare. The other wing-characters are too variable to be used
in identification ; the outer half of vein 6 is usually con-

tinuously dark ; base of vein 3 usually has one or two dark
spots. The same variation is seen in the wings as in

A. fluviatilis, but the hghter form, i. e., with pale spots on
veins 6.1 and 4.1, is the commoner. Pale spots are present

in the course of 2.1 and 2.2 sometimes. The ornamentation
of the ^ palp is shown in figure.

Pharynx: resembling ..4. fluviatilis, but filaments narrower
and more thorn-like, without fimbriated ends or lateral

spicules, lateral teeth more conspicuous, and posterior view
of crest appears even more rounded and club-like.

Hypopygium: appears to be indistinguishable, or almost
so, from A. fluviatilis. Harpago as in ^. fluviatilis. Leaflets

of phallosome three on each side, sometimes with an additional

small spicule, one leaflet larger and two about half to f length

of larger leaflet, as in ^. fluviatilis ; the two smaller leaflets

ai'e possibly usually less broad than in A. fluviatUia.

Pupa,.—In characters of paddle and general arrangemenlt

of spines aijd chief hairs very similar to A. fluviatilis.
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Labva*.—Closely resembles A. fluviatilis, differing only
in certain minor details. Filaments of palmate leatiots

less tenuous and appear longer than in A. fluviatilis ; average
length of blade of leaflet from a mid-abdominal 8egmeii.t

is 0-58 mm., av. breadth 0-38. Tergal plates about aa large

as in .4. fluviatilis, but not quite so broad. Hair has same
position and relationship to tergal plate as in A. fluviatilis,

but not quite so developed. In exceptional cases it may
arise touching the tergal plate, but never rises directly

from it.

Egg t-
—-Behevod to resemble that of A. fluviatilis, but with

a somewhat narrower upper surface ; the characters require

confirmation.

Identification.—The following is a provisional synopsis
of the species resembling A. fluviatilis and A. minimus, with
their chief differentiating characters :

—

1. Femalo palpi ot fiiiviatilis typo : one broad
apifal baud and a narrow subapical band.
Wing without fringe-spot at vein 6 ; pro-
boscis all dark. Larva with clypeal hairs

not branched or frayed.

a. Leaflets of phallosome three on each side,

with sometimes a small additional

spicule ; inner sutural hair of larva
branched ; oval plates not included
in the anterior tergal plate ; hair not
arising from plate.

Costa broadly interrupted at base arabica f.

Costa without an interruption at base

;

larval head-pattern without trans-

verso bar. Egg of whale-back type,

ends of floats not closely approaching [var. leeaoni {.

ends of egg, float-ridges narrow .... fluviatilis ; funcstus
b. Leaflets of phallosome more numerous,

at least four well-developed serrated

leaflets and several largish spicules

;

inner sutural hair simple ; oval plates

included in aiiterior tergal plate ; hair

arising from the plate, long and thin.

Egg not of whale-baok type, floats

touching margin of upper surface.

Head-pattern of larva with transverse [African type).

bar funestua f (West

• Labva : Stephens and Christ. 1902 a, p. 13 ; 1902 b, p. 9 ; Swell.

and Swell. 1919 a, p. 30 ; Iyengar 1922, p. 632 (tail-hooks) ; Strickland

1924, p. 150; Koidzumi 1925, pp. 336, 375; Strickl. and Chowd.
lt»27 6, p. 39 ; Puri 1928, p. 522 ; 1931, p. 148.

I t Egg : Stephens and Christ. 1902 a, p. 13 ; 1902 6, p. 9 ; Christ, and
Barraud 1931, p. 183.

X Not occurring in Indian area.

r2



212 ANOPHELINI.

2. Female palpi of minimus type : two broad
apical bands, with a short intervening dark
area. Inner sutnral hair branched ; head-
patteni of larva without transverse bar

;

oval tergal plates not included in anterior

plate.

o. Wing usually without a fringe-spot at

vein 6 : clypeal hairs of larva not
branched or frayed.

Costa with one pale interruption at base,

or at least a pale scale or so on one
wing ; proboscis, if flavescent, with
a patch ventrally towards apex

;

leaflets of phalloBome as in A. fluvi-

atilis ; hair not arising from the
plate tninirmis *.

Costa with two basal interruptions always
present ; proboscis always dark

;

hair arising from the plate mangyanus t-

Costa without any basal interruption
or trace of same ; proboscis, if

flavescent, uniformly so in apical

half, often very faint ; leaflets of

phallosome more numerous, four or
more on each side, as m A. funestus ;

hair arising from plate, short and
Btout varuna.

b. Wing usually with a fringe-spot at vein 6 ;

clypeal hairs of larva branched or
frayed. With or without interruption
on costa at base.

Proboscis with apical half markedly
flavescent ; leaflets of phallosome
very similar to A. minimus, but may
be more numerous. Egg of whale-
back type, ends of floats almost
reaching ends of egg, float-ridges

broad and square aconitus.

Proboscis dark ; leaflets of phallosome
in specimen dissected five on each
side filipince f.

DiSTKiBTJTiON.

—

A. minimus has a wide distribution in the
Oriental Region, being recorded from Celebes (with

Sangir Islands) ; Philippines ; Pobmosa (with Lyu-kyu
Islands) ; China ; Lessee Sunda Islands (Alor) ; Java

;

Sumatra (with Poeloeh Weh, Mas Islands) ; Cochin China
;

Annam ; Tonkin ; Malay Peninsula ; Siam ; Bttbma,
Ceylon, and India.

It is very widely prevalent in Burma and eastern India,

notably Assam, and is recorded from all the eastern and
southern areas of the Peninsula with the exception of the
eastern United Provinces, Central Provinces and northern
Bombay. Verified examples, however, have only been seen

• Including var. flavirostris, f Not occurring in Indian area.
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by Christ, and Puri, 1931, from the more eastern areas,
including western United Provinces and northern Madras.

Bionomics.—Very similar in its adult habits to A . fluviatilis,

being commonly found abundantly in houses and cattle-

sheds (Shortt ; Christ., 1925 ; Watson, 1924 ; Ramsay).

Fig. 34.

A. minimus ; also A. funcstus (7) and A. aconitus (9).

1. Wing of ?, standard scale. 2. (J and ? palp : (o) game scale

;

(6) tip of (J palp more highly magnified. 3. $ palp and proboscis.

4. PharjTigeal armature : clubbed appearance of crests in a par^i

ticular view. 6. Single cone, anterior view. 6. Leaflets of

phallosome of one side, standard scale. 7. Ditto, A. funestua,

same scale. 8. Iieaflets of palmate hair. 9. Spiracular apparatus,

A. aconitus (after Furi) ; that of A. tntntmu» is very similar.
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In the Philippines found to be especially a house-loving

species (Barber et al., 1915 (febrifera)).

A . minim.us breeds especially in slow-running streams with

grassy edges, at the edges of swamps, in irrigation channels,

borrow- pits, paddy-fields and seepages from springs (Strickl. and
Chowd., 1928, Assam; Christ., 1925; Yamada; Feegrade,

Hsipaw, Lasliio). Ramsay notes that it breeds during the

monsoon in clean grassy streams and drains, especially where
there is a certain amount of shade, and in seepage from springs,

but in the cold weather in permanent rivers and streams,

gi'assy tanks and swamps. It is not found in dense virgin

jungle, but breeds freely in streams covered with secondary
jungle (Ramsay).

A. minimus occurs chiefly at low or moderate altitudes,

but is abundant at 2,000 feet at Nongp(jh, and is recorded
as present in small numbers at 5,(X)0 feet at Shillong (Shortt).

Kelation to Disease.—A. minimus has been infected

experimentally with M.T. parasites in Formosa (as listonii)

a7id in the PJiilippines (febrifera). It has been found infected

in nature with sporozoites in the glands by Stcph. and Christ,

in Bengal (Christophersi) and by Lalor in Burma (alboapkalis).

22. Anopheles varuna Iyengar, 1924 *. (Fig. 35.)

Iyengar, Ind. Joiir. Med. Res. xii, p. 24, 1924 (A. varuna). Type-
Loc. : vieiiiity of Calcutta. Type : in coll. Bengal Malaria
RoBearch Lab. Calcutta : cotypes in Indian Mug. Calcutta
(Iyengar, 1924).

Thi.s lias generally been treated as a variety of A. minimiw, but
it appears to be a distinct species. A. fluviaiUis of CogiH, 1903,
is considered by Edwards to be this species {vide Kdw., 1922, p. 90,
aiid Iyengar, 1924, p. 27). Some references to A. listonii, espociallj'

in respect to breeding in wells, probably relate to A. varuna, as possibly
do many records of A. minirtMn in South India.

Adult.—Very closely resembles A. minimus except that
(a) the basal area of the costa is invariably without an inter-

ruption or any trace of such
; (6) the female proboscis usually

shows faint, or sometimes marked, flavescence over the outer
half of the organ, above as well as below. The wing is usually
relatively dark, i. e., resembling the (a) type of A. fluviatilia.

The tarsi are always very free from any trace of banding.
Pharynx: very similar to A. aconitus ; as in ^. minimus,

but posterior portions of crests appear more pointed viewed
from behind.

* Systematic : Cogill 1903, p. 327 ; Edw. 1922, p. 90; Iyengar 1924,
pp. 24, 27 ; Christ. 1924 6, p. 298 ; 1924 c, pp. 51, 95 ; Christ, and Puri
1931, p. 481 . See also under " Larva."
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Hypopygium: similar to A. fluviatilis, but leaflets of

phallosome more numerous, four or more on each side.

Laeva *.—According to Puri the full-grown larva is shorter

and darker than that of A. minimus, and the head in the
majority of specimens is more or less uniformly dark brown,
with no conspicuous spots to be made out, though I am
informed by this author that in specimens taken otherwise

than in wells the spots are more distinct and resemble those

of A. minimus.
The larva closely resembles that of A. minimus, but

(a.) the palmate hair on the metathorax is larger and the
leaflets are long and drawn out, with pointed ends, instead

of appearing more or less truncated
;

{b) the palmate hairs

on the abdomen are also larger, the average length from a mid-
abdominal segment being 0-083 mm. as against ()-071 mm.
in A. minimus : (c) the tergal plates are comparatively
broader and more rectangular, the lateral ends being com-
paratively very broad ; on II the rounded median plate

always lies within the anterior tergal plate
;

(rf) hair rises

from the tergal plate itself much nearer the middle than the
posterior border of the plate, except on VHI, where it lies

close to the posterior edge ; it is shorter than in A. minimus
and simple except on IV-VII, on which it may be bifid.

Pupa and Egg.—Undescribed.
DiSTHiBUTioN.—Not recorded outside the Indian area.

In India recorded from various locahties in the east and south.

Christ, and Puri, 1931, give locahties, in the following general

areas, from which they have verified specimens :—Bengal,

Bihar and Orissa, United Provinces, North and South Madras,
Coorg, Mysore, Bombay Pres., Gujarat. It is also recorded

from Upper Burma. Specimens in the British Museum
from Ceylon determined by Senior White as listonii are

this species.

Bionomics.—Adults have been found in houses and cattle-

sheds {Sur and Sur).

A . varuna breeds, according to Iyengar (toe. cit.), in stagnant

fresh water in ponds and ditches, and during and soon after

the monsoon in collections of storm-water by the roadside

around Calcutta. It was found by Puri (1931) in small

pools in slow-running streams and in wells at Yellapur,

N. Kanara, in February. The outstanding feature is its

evident predilection for breeding in wells.

Relation to Disease.—It has been found infected in

nature wtih sporozoites (1 in 25 dissected) by Iyengar

{Covell}.

* Larva : Puri 1928, p. 522 ; 1931, p. 155 ; Christ, and Puri 1931,

p. 489.
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23. Anopheles aconitus Donitz, 1902 *. (Fig. 35.)

Dtinitz, Zeit. t. Hyg. xli, p. 70, 1902 (.1. aconitus). Type-loc. :

Kajoe-Taiiam, Sumatra ; WiDcjn ]., Soekaboemi, Java. Typjs :

unknown.
albiroKiris Theo., 1!>()3, Mono. Cul. iii, p. 24 (Myzomyia albirostrin).

TypE-LOd. : Kuala Lumpur, F.M.S. Tvpe : describod from
two spoi'imons ; cJ awfi V t>'P« i" Brit. Mus. Syn. by Kdw.
Bnll. Ent. Kcb. vi, p. 156 (footnote), 1915; also Stanton, ibid.

p. 162.

bnil(inaeliarii Chi'ist., 1912, I'aludism, uo. o, p. 11 {A. brahmacharii).

Described by Brahnmcbari, Ind. Med. Oaz. xlvi, p. 268, 1911.

Type-loc. : Calcutta. Typk ; specimens from Dr. Brah-
machari in eoUeetion at Kasauli. Syn. by Christ., Sci. Mem.
no. 56, p. 7, 1912 (as A. albirostris)

.

1 viricenti Laveran, 1901, C. K. See. Biol, liii, p. 993 {A. vincenii).

Type-loc. : Van-Linh (Haut Tonkin). Typk : unknown.

This species wa.s knovini among writers in the F.M.S. for many
years as A. nlbiroxtris, until Stanton, 1915, gave albirontris as
synonymous with aconituK Dcin. In India it was first noted as distinct

under tlie name bralimacharli, mitil recognized to be synonymous
with albiro,vtri« and later with aconituii. as noted above. It is the
A. christoplicrsi of Mathis and Leger, 1910 and 1911, as shown by their

tigure.

Laveran's description t>f A. rinccnti {'' Trompe bi-un clair a son
cxtremite .... Pattes non annelcos de blanc aux tarses, non renflees

rtux fenutr aux tibias de la 1'" pairo . . . Longueur 5 nnn. trompe
<-omprise ") appeal's to indicate A. aconilUK, and if the type still exists

and the above .surmise is shown to be correct this name will take
precedence.

AuuLT.—Clo.sely resembles A . ndnimus. The female palpi

.sliow two broad apical bands a.s in minimus, but commonly
the intervening dark band is more encroached upon and
not infrequently the dark band is entirely absent, the whole
apical portion of the palps being continuously pale. The pro-

boscis is light yellow (flavescent) in its apical third to half,

above as well as below.

The wings are as in minimus, but usually with greater

development of the pale areas. The most differential point
is the presence of a pale fringe-spot at vein 6, which is fairly

constant ; other wing-markings are too variable to be of
much assistance in identification. There may or may not

* Systkmatjc : (aconitus and albirostris) Theo. 1903, pp. 24, 30

;

1910 a, pp. 20, 28; Leic. 1908, p. 23; Mathis and Legor 1910, 1911;
James and Stanton 1912, p. GO ; Strickl. 1913, p. 10; Stanton 19146,
p. 517; 1915 6, p. 252; 1926, p. 27; Edw. 1915, p. 156; Christ. 1916,
p. 475; 1924 r, pp. 51, 95; Swell. 1916, p. 63; Sohuff. and Swell.
1917, p. 19; Mangk. 1918, p. 475; 1919, p. 55; Swell. 1919, p. 3
1920 (?), pp. 4, 5, 25; Swell, and SweU. 1920 6, p. 88; Rodenw.
1921, p. 152 ; Swell. 1921, p. 61 ; Iyengar 1924, p. 23 ; Strickl.

1924, p. 150; Carter 1925, p. 72; Borel 1929, p. 30; Manalang
1930. p. 247; Barraud and Christ. 1931, p. 274. (brahmaoharit)
Brahmachari 1911, p. 268; Christ. 1912 o, p. 43; 1912 6, p. 11;
1912 c, p. 6. (inncenti) Blanchard 1905, p. 175 (quotes Laveran's
•description). See also references on p. 218 (footnotes).
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be an interruption in the basal area of the costa. Vein 3
lacks the small dark spots at its base only in about one
specimen in three ; vein 6 usually shows three dark spots,

but the outer half of the vein may be uninterruptedly dark.
There are usually pale spots on 2.1, 2.2, 4.1 and 4.2, or the
whole basal portion of the fork may be pale, due to blending

Fig. 35.

A. aconitua ; also A. varuna (8, 5, 8).

Wiiig of $, standard scale. 2. ? palp and proboscis. 3. Club of (J

palp and $ proboscis, j4 . varuna. 4. Pharyngeal teeth : (a) anterior

;

(h) lateral view of cone. 5. Leaflets of phallosome of one side.

6. Clypeal hairs. 7. Tergal plates and liair of larva. 8. The
same, A. varuna.

of adjacent pale areas. The middle dark costal spot is usually

about §, but often only about half, represented by the dark
scaling on vein 1.

The legs not unusujally show a certain amount of narrow
tarsal banding, but not so marked nor so white as in .4 . jeypori-

ensis.
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The male palpi are ornamented as in A. minimus ; the
proboscis in the male is not flavescent.

Pharynx*: as in A. minimiis, but lateral teeth larger

and filament at base narrow ; crest viewed from behind
more conical and not so rounded or clubbed.

Hyjxypygium t : very similar to A. minimus, but leaflets

of phaUosome usually appear to be four or more.
Pupa %.—Paddle very similar to A . fluviatilis, but paddle

-

hair long and straight, and fine short, deHcate, spaced hairs

are continued past the paddle-hair to the internal border.

Arrangement of spines and chief hairs very similar to

A. fluviatilis except that hair C, in place of being simple,

is commonly simple or bifid on VII, bifid or trifid on VI,

and 3-5-branched on V, but retaining its character of a long

hair (about as long as the segment) and more resembhng
the simple hairs usually seen in Myzomyia on these segments
than hair in C its usual branched condition. The figure

given by Senevet makes these hairs appear rather shorter

and more stifBy branched than in specimens seen by me.
The spine on IV appears longer than indicated by Senevet,

being about I the segment and not markedly shorter than
on V.

I am much indebted to Dr. Puri for a number of verified

pupal skins of this species, the pupal characters of which are
less exceptional than might appear at first.

Larva §.—Closely resembles A. minimus, differing mainly
in the inner and outer clypeal hairs being frayed.

Inner and outer clypeal hairs shorter than in A. minimus,
ic with short lateral branches, sometimes showing as fine

fraying and at others as more spine-hke branches ; oc with
2-10 lateral branches varying much in thickness, usually

spine-hke and scattered irregularly, those in the middle of the
hair about four times as long as the width of the hair

;

pc split near base into 2-5 br. Hair on segments II-VIII
simple or bifid, rising just at edge of tergal plate, though
occasionally just internal to posterior border. Wing-Hke
expansion near anterior end of mps longer than in A. minimus.
Egg 1].—Of whale-back type and highly characteristic.

* Phabynx : Manalaoag 1930, p. 43.

t Hypopygium : Christ. 1915, p. 392 (albirostris) ; Swell. 1921, p. 62.

X Pupa : Senevet 1931, p. 69.

§ Larva : Stanton 1912 a, p. 388 ; 1912 6, p. 4 ; 1915 a, p. 162 ;

1926, p. 41 ; SweU. 1918, p. 399 ; Mangk. 1918, p. 462 ; 1919,
p. 57 ; Swell, and SweU. 1919 o, p. 28 ; 1920 6, p. 85 ; Carter 1925,
p. 86 ; Senior White 1925, p. 218 ; Strickl. and Chowd. 1927 b, p. 39 ;

Chowdhury 1928, p. 41 ; Borel 1929, p. 38 ; Puri 1931, p. 165.

II
EoG : Stanton, in Lambom. 1922, pp. 129, 131 ; Christ, and

Barraud, 1931, p. 183.



GKOUP MYZOMYLA. 21i>

Upper siirface very narrow, slit-like. Lower surface

unornamented. Floats not touching margin of upper surface,

nearly as long as egg, leaving only about ,^, of the egg-lengtk

free at each end ; float-termination long, narrow ; float-

ridges very wide antero-posteriorly, almost as wide as width
of float seen from above, and giving a characteristic cellular

effect, with well-marked double contour crests, but less

contorted than in A. Jiuviatilis. Frill very narrow, Uttle

more than a hne in the greater part of its extent, striated.

Identification.—See under A. minimus. A. aconitvs

is, as a rule, readily distinguished from other members of the
series by the presence of a fringe-spot at vein 6 and the

marked and imiform flavescence of the distal half of the
proboscis. The proboscis may be similarly pale in some
specimens of A. varunu, but a fringe-spot in this species

is practically never seen. Further, the frayed clypeal hairs

of the larva serve to distinguish A. aconitus from all other

members of the series except A . filipince, in wliich the proboscis

is not flavescent.

DisTKiBVTiON.-

—

A. aconitus has a wide distribution in the

Oriental Kcgion, being recorded from Celebes ; Philip-
pines ; Borneo ; Lesser Sitnda Islands (Timor, Wettar,
Alor, Flores, Pantar, Soemba, Soembawa) ; Java ; Sumatka
(with Riouw Islands) ; Tonkin ; Cochin China ; Malay
Peninsula ; Siam ; Burma, Ceylon and India. Recorded
as in Formosa by Brug, 1926, p. 472, also Faust, 1926, p. 142,

but not given by Yamada or Koidzumi. The form in the

Phihppines appears to be var. filipince Manalang, here treated

as a distinct species.

In India A. aconitus has been recorded from, various

localities in the eastern and southern areas ; it is unrecorded
in the north-western half of India. Some of the earUer

records may refer to A. minimus or A. varuna. Christ, and
Puri, 1931, record locaUties in the following areas on specimens
verified by them :—Burma, Andamans, Assam, Bengal,

BLbar and Orissa, Madras (north), Mysore, Hyderabad,
Central Provinces, Ceylon.

Bionomics.—Commonly taken in houses and cattle-sheds

(Christ. 1912 ; Covell, 1927, Andamans ; Ramsay ; Sweet

;

see also Walch ; Waison, 1921 ; v. Breem^n). In F.M.S.
noted as especially common, or most frequently captured,

species in houses {Lmniorn, 1922 ; Kingsbury). Feeds
readily on man and animals ; 68 per cent, of females caught

in nature with blood in the gut (Lamborn) ; caught feeding

on buffaloes {Bncg and Wdkh) and with buffalo and human
blood (

Waidi and Sardjito).

Breeds in Burma in freshwater pools with grassy edges,

pools with much aquatic vegetation and shade, arms of lakes,
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pools in creek and river-beds and rice-fields (Feegrade, Bhamo,
Akjab, Kyankpyu ; common in Calcutta in clean tanks
with grassy edges (Brahmachari), also in ponds and roadside

storm-water drains (lyetigar, 1920) ; in Assam found especially

in tanks with grassy edges, streams and drains (Ramsay) ;

in Bengal very characteristic of dead and dying rivers (Strickl.

and Chowd., 1927). In the F.M.S. breeding places are usually

in the open, with a preference for swamps with clear slowly

flowing water. In the rice-fields larvae do not appear until

the end of November, when the crop is about half-grown,

after which they increase rapidly up to the time of harvest

(Oater and Bajahmoney)

.

Normally occurs at moderate altitudes ; recorded by
Mangkoewinoto in Java at 2,800 feet. In Assam found
breeding throughout the year (Ramsay).

Relation to Disease.—A. aconitus has been experiment-

ally infected with M.T. parasites in Malaya (albirostris).

It has been found infected in nature in the Dutch East
Indies and in Malaya ; also by Feegrade in Burma (1 gut
in 58). For further particulars see Covell.

24. Anopheles jeyporlensis James, 1902 *. (Fig. 36.)

James, Sci. Mem. Govt. India, n. s., p. 32, 1902 (A. jeyporienaia).

Type-loo. : Patingi, Jeyporo Hill Tracts, Vizagapatam Dist.

Theobald also described this species under the same name
from the same locality (Mono. Cul. iii, p. 66, 1903, spelt

jeyporensis). Type : Theobald's description is from 3 ?$
and 2 (J(J ; ? and cj type (of Theobald's) in Brit. Mus.

Keoognised Vablety :

co«di(Zien«js Koidzumi, 1924 (see p. 225).

Adult $.—Size small to medium (length of wing 2'5-

3-5 mm.).
Head: scales of normal type, with a well-marked white

vertical spot, chetas forming short row ending in cluster

of u-6, mostly flattened, forming well-developed frontal

tuft. AntenncB : t devoid of scales, some pale narrow scales

on first fs. Palpi thin, straight, cylindrical, and appearing
very long ; index 0-4

; apical segment aU white, with tip of
preceeding segment and narrow pale bands at 2-3, 3-4, dark
area between apical and subapical pale bands usually 4t-5

times length of subapical and about as long or slightly

longer than apical pale band. Labium all dark.

* Systematic : James 1902, p. 32 ; Theo. 1903, p. 66 ; JaxOes
and Listen 1904, p. 101 ; 1911, p. 81 ; Blanchard 1905, p. 621 (naroe
only); Theo. 1907, p. 70 ; 1910o, p. 39; Christ. 1916, p. 468 ; 1924 &,

pp. 51, 96. See also references on pp. 223-4 (footnotes).



"^°^-P»iV20My,,

%• 30,

h^P^h.v^'^^^ scale 9 ,

-'2J



222 ANOPHELINI.

Pharynx : in general as for groiip. Filament of cones
narrow, thorn-like, tapering, without fimbriae or lateral

spicules ; lateral teeth well developed and spines passing
in from these behind root of filament to become continuous
with crest-teeth

;
posterior view of crest conical. Rods

simple, conically tapering at base, without branches or

spicules.

Thorax : with chsetse only on apn ; propleural hairs 1-2.

Mesonotum with median area covered with narrow whitish

scales (str. about 6), more numerous anteriorly, forming
tuft in median area, lateral areas of ap with usually a few
dark flattish scales ; fossae and lateral areas dark brown,
contrasting with the lighter median area, withoiit scales

laterally anterior to root of wings, or, if scales present, these

are few and narrow, not forming a definite fine of overlapping

scales. Pleuraj devoid of scales ; spiracular hairs 1
;
prealar

about 3 ; upper mesepimeral about 5-7.

Wing as in figure ; af rather long, approaching twice

length of petiole ; cell-index 2. Base of costa usually with
pale interruptions forming two long dark basal accessory
spots, of which the inner usually extends to root of wing

;

vein 1 in this part of its extent entirely pale. Median dark
costal spot with a distinct accessory sector or dark area

on vein 1 distinctly shortened, an interruption towards outer
end unusual. Preapical dark costal spot frequently with
a pale interruption on vein 1, nearly always towards inner

end of spot. Usually a pale interruption on 2.1, often on
2.2, 4.1, and 4.2. In some cases 2.1 and 2.2 are extensively

pale on inner portions, with obliteration of spots. Vein 3
most frequently as shown in figure, dark area in some cases

shorter, as in A. fluviatilis, or rarely the whole vein may be
dark. Vein 6 most usually shows three dark areas, but the

outer half may be continuously dark. A fringe-spot at vein 6
is usual ; when no fringe-spot is present the border-scales

are often pale. Border-scales towards base of wing pale

almost to vein 6. Scaling of wing rather narrow. Max. str.

about 9.

Legs with femora slightly swollen in basal half. Femora
uniformly dark and little or no paler beneath or at junction

with coxae, and scarcely any paling at tips ; tibise similarly

dark but tipped with pale ; tarsus of fore and mid-legs with
segments 1 and 2, and sometimes 3, with narrow pale white
apical bands, hind legs with segments 1-4 similarly banded.
€oxae dark, devoid of scales except for a few dark scales

anteriorly on ooxse 1 and a few pale scales on coxae 3.

Abdomen entirely devoid of scales even on cerci.

Adult <?.—Markings ixf. general as in ?. Palpi as in fig. 36, 2

;

marginal hairs forming row one to two deep on either mairgin
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of chib ; hairs stoutish, dark ; shaft of club all dark. Abdomen
entirely devoid of scales except that pale scales are present

on outer aspects of coxites.

Hypopygium *
: harpago indistinguishable from that of

A. fluviatilis, with a longish hair between club and apical

hair. Leaflets about 5-6 on each side, of the usual type
in the series, serrated on straight edge (see iig. 36, 8).

Pupa f-

—

Paddle with spines on external border extending

to posterior angle and continued as hairs to inner border ;

paddle-hair long and undulating, ace. spine simple.

Arrangement of spines and chief hairs as for group ; spine

on IV but little shorter than that on V, that on III minute.
Hair C simple on segs. V-VII, about as long as segments

;

€' (seg. VI) simple. Spine on VIII short ; ace. hair simple.

Larva J.-

—

Clypeal hairs : ic stout and conspicuously frayed
for their whole length ; oc a little more than half length ic,

stout and pinnate
; pc about half length of oc, bifid or branched.

Antenna strongly chitinised, with moderately long spinous
projections ; hair arising J to ^ length of antenna firom base

;

ventral, edge of truncated end of antenna produced into

pointed process about as long as the finger ; terminal hair

split about middle into 3-5 br. Mentum with three teeth

on either side of median tooth, about equidistant, the first

tooth the smallest.

Shoulder hairs : inner and middle with basal tubercles

which are fused ; both hairs stout and pinnate. Metathoracic

hair no. 1 forming fairly well-developed palmate hair. Pleural

hairs as for group ; dp\ split into 3-5 br. ; dp2 sometimes
distally bifid. The chitinous tubercles are as in ^. minimus.

Palmate hairs well developed on I-VII. Leaflets rather

broad, somewhat colourless and transparent in distal third,

with pigment just proximal to this ; filament somewhat
over half length of blade ; fairly broad at the base, the
indentations shallow and spread along leaflet. Lateral

hairs on IV-Vl long and slender, splitting near base into

3-6 br. Tergal plates : anterior comparatively large, covering
about ^ length of segment ; plate on VIII nearly covering

dorsum ; their posterior border on anterior segments concave,
with the median plate lying a little behind and separate

;

oval plates absent, spc very poorly developed ; mps narrow
anteriorly, the wing-like expansions short, not touching
spiracles. Pecten with 4-6 long and 8-9 short processes

• Hypopyqittm : Christ. 1915, p. 392.

t PtrPA ! Senevet 1931, p. 55.

X Labva: James 1902, p. 32; Theo. 1903, pp. 41, 68; James
and Listen 1904, p. 103; 1911, p. 82; Striokl. and CJhowd. 1927 6,

p. 47 ; Chowdhury 1928, p. 40 ; Puri 1928 a, p. 515 ; 1928 h, p. 522 ;

1931, p. 167.
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ps hair with 6-8 long br. near base. Caudal hooks 5-6

;

iac slender, some slightly hooked. Anal papillae about as

long as anal segment.

Egg *.—Not of whale- back type. Upper surface broad,

as broad as width of egg, shghtly narrowed in middle portion,

anterior demarcated area somewhat broader than posterior.

Lower surface unornamented. Floats touching margin of

upper surface, occupying about middle half of egg or slightly

more ; float-ridges 13-17 ; float-terminations large, round ;

frill moderately broad, striated, ending in distinct tags at

junction with floats.

Identification.—This usually offers no diffictdty in

unrubbed specimens, as the mesothoracic scaling and narrowly

but distinctly white-banded tarsi are very characteristic.

From A . moghulensis it is distinguished by the absence of the

line of scales at the sides of the thorax anterior to the wing-

roots and by other characters (see further remarks under

A. moghulensis).

The species is rather variable, especially in the wing-

markings. The proportion of dark and pale on the female

palpi is also rather variable, making it difficult, especiall^-

in specimens from the west coast (Bombay), to be sure whether
these should be called type-form or variety.

DiSTEiBUTiON.—The tj'pe-form has not with certainty

been recorded out of India (see under var. candidiensis)

.

In India many records relate no doubt to A. moghulensis

or to the var. candidiensis. In general the distribution

of the type-form is over the east and south of the Peninsula,

extending on the west as far north as Bombay. The type-

form has been verified by me from various localities in

Orissa, Central Provinces East, Madras N., Madras S., Coorg,

Mysore, Bombay Pres. (North Kanara, Colaba). Records
of the species from Ceylon appear doubtful.

Bionomics.—Commonly taken in houses and cattle-sheds

{Steph. and Christ. ; Perry ; Ramsay ; Sweet). In some
places it may form 40 per cent, of captures (Ooverdhan).

Sweet's catches totalled in Mysore 10,746 from cattle-sheds

and 1,228 from houses. It feeds freely on man, and has been
observed by the writer attacking fiercely in the open towards
evening.

A . jeyporiensis breeds especially in streams and flowing water
connected with rice cultivation (James and Liston), in grassy
streams {Ramsay), in grass-grown edges of lakes and in swampy
land {Feegrade ; McCombie Young and Baily) ; it is recorded
as very common in the Central Provinces in small sandy
nullahs {Kenrick, 1914), where, as the water dries up, the

* Ego : Christ, and Barraud 1931, p. 183.
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larvas may bury themselves in the wet aand and emerge
after rain (this probably, however, refers to A. moghulensis)

.

The species occurs at low and also at considerable altitudes
;

it is common in the Joypore Hills at 2-3,000 feet and on the

Nilgiri plateau (6,000 feet).

Relation to Disease.—Though suspected by Stephens
and Christophers, and Perry, to be concerned with malaria

transmission, large numbers of dissections have failed to show
natural infection in this species. There are no experimental
observations.

24 a. Anopheles jeyporiensis var. candidiensis Koidzumi,
1924*.

Koidzumi.Ti-ans. ."jthOoug.F.E.A.T.M.p. 98, 1924 (A. candidiensis).

TvPE-LOC. : Lake Caiididus, Fonuoaa. Type : probably in

Koidzumi's collection at the Hygienic Dept. Govt. Res. Inst.,.

Formosa (Yamada, VyiTy, p. 490).

Synonym :

tonfcinfrisisToumauoff, 1931, C. K. Soc. Biol, cvii, p. 375 (A. aconitus
var. tonkinensis) . Type-loc. : Tonkin.

Adult.—^As in the type, but pale apex of $ palpi more exten-

sive, and second band often broader ; dark intervening area much
shorter, half length or less of apical pale area. Interruption

in preapical dark spot on vein 1 more frequent than in tj-po-

form, and, when present, often situated towards middle of spot

instead of near inner end. Fore and mid-tarsi more frequently

show banding on seg. 3 than in the type-form. Mesothoracic
scaling as in the type-form, without the line of scales seen

in moghvlensis.

Larva.—^This shows a difference from the type, as pointed
out to me by Dr. Puri, in the branching of the inner clypeal

hairs, the branches being fewer in number and stouter.

The above description is from a number of specimens
of adult and larva (var. tonkinensis) very kindly sent to me
by Dr. Toumanoff. On examination of Indian material

it was found that all specimens from eastern India, as distinct

from the Peninsular area, showed the palpal markings as

described for the variety, specimens from the type-locaUty

(Jeypore Hill Tracts) and South India showing the long
dark area and narrow second band on the palpi. Dr. Edwards
informs me that the former is the condition seen in specimens
of A. jeyporiensis from Hong Kong, and as it is extremely
probable that this is the form representing the species in the
Burmo-Chinese subdivision, it maj^ be taken provisionally

as synonymous with candidiensis, under which form, as a

• {oandidiensis) Koidzumi 1»24, pp. 94, 98 ; 1925, pp. 343, 375^

(larva); 1926, p. 28; lB27.p. 215; 1930, p. 233; Yamada 1925, p. 490-
{tonkinenaie) Toumaiioff 1931 o, p. 375 ; 1930 b, p. 961 (larva).

DIPT.—VOL. rv. Q
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variety of jeyporiensis, I have now placed it. Though
specimens from Bombay sometimes show a very similarly

marked palp, there is otherwise a very clear demarcation
of the type-form and the variety in the Indian area.

Distribution.—Recorded from Formosa ; Chika (Hong
Kong) ; Tonkin ;

Burma and India.

In the Indian area has been verified by me from specimens

in the Malaria Survey collection from Burma, Mandalay Dist.

;

Assam, Khasia and Jaintia Hills, Cachar ; Bengal, Jalpaiguri

Dist. ; United Provinces, Naini Tal Dist.

Bionomics and Relation to Disease.—^Var. tonkinensis

is recorded by Toumanoff, loc. cit., as breeding in running
water in grassy drains. This author has found 6 per cent,

with natural infection of the mid-gut.

25. Anopheles majidi McCombie Young & Majid, 1928*.
(Fig. 37.)

McCombie Young and Majid, Ind. Med. Res. xvi, p. 469, 1928
(A. karwarivar. majidi). TypE-LOO. : Coorg. Tvpb : a number
of tlie deseribers' original specimens in the collection of the Mai.
Surv. at Kasauli. Given as distinct spcreies by Puri, Ind.
Journ. Med. Res. xvi, p. 525 (footnote), 1928.

Adult $.—Size small to medium (length of wing 3-0

3-7 mm.).
Head : scales normal, with a marked white vertical area

;

vertical chaetse white, forming a short Une ending in a clump
of 4—6 flattened chsetae which form a well-marked bifurcate

frontal tuft ; ocular scales and fusiform scales in median
area numerous. Antennoe : torus bare, first flagellar segment
with narrow white scales. Palpi of moderate thickness,

cylindrical ; apical segment rather short, index 0-37 ; with
two broad white apical bands and a narrow, more basal band
at 2-3 ; the broaid apical bands including, respectively, apical

segment and apex of 4 and base and apex of 4 and 3, dark
intervening space somewhat shorter than either apical band.
Labium dark.

Pharynx : of group Myzomyia type.

Thorax with chsetse only on apn
;

propleural hairs 1.

Mesonotum dark ; median area somewhat lighter, clothed
throughout with rather narrow pale scales, aggregated to

form median lateral tufts on ap, some dark scales beneath
the pale in the latter situation ; fossse and lateral areas largely

bare, but with a Une of scales external to bare patch extendUing

forwards from root of wing. Pleurae dark, without scales

;

• McCombie Young and Majid 1928, p. 469 (adult, larva) ; Puri
1928, p. 525 (adult, larva) ; Iyengar 1929 6, p. 2 (adult, larva) ; Puri
1931, p. 160 (larva).
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spiracular hairs absent
;
prealar about 3 ; iipper mesepimeral

about 4.

Wings as in figure, but dark areas very variable in extent
and arrangement

; preapical pale spot may be bridged

Fig. 37.

1

:)

A. majidi.

1. Wing of ?, standard scale. 2. ? and (J palp, same scale.

3. Legs: (o) front leg; (6) mid-tarsus.; (c) hind tarsus. 4. Pharyn-
geal armature : (a) oriented to rfiow anterior portion of pediments
and filaments ; (6) to show posterior view of crest and rods.
5. Pharyngeal teeth : (a) anterior view of cone ; (6) rod tind
posterior view of crest. 6. Leaflets of phallosome of one side,

standard scale. 7-9. Basal tubercles of pro-, meso- and meta-
thoracic pleural hairs.

q2
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or absent ; veins 2.1, 2.2, 4.1 and 4.2 may be all dark except

at their terminations ; vein 3 may be mainly dark ; vein ft

may be dark except at extreme base, or as shown, or with
apical dark area interrupted and basal dark spot absent

;

a fringe-spot at vein C may be absent, in which case the border

scales may be white in this position. In very dark examples
the wing may resemble very much that of A. fuliginosus.

Legs with front femora slightly swollen in basal third.

Femora uniformly very dark, with at most a few pale scales

at apices ; tibiae very dark, but with pale apices ; front

tarsus rather broadly banded with white at apices of segs. 1-3.
;

mid-tarsus largely dark, with narrow bands usually at apices

of 1-2
; hind tarsi marked as in fig. 37, 3, very closely

simulating the markings in A. karwari and A. maciilatus.

Abdomen without scales even on cerci.

AuuLT (J.—In general as in $. Palpi ornamented as

in figure. Abdomen without scales except on coxites.

Pupa .
—^Undescribed

.

Labva.—Clypeal hairs : ic long, rather stout, simple : oc a

little less than half length ic, stout
;
pc slender, much shorter

tJuin oc, simple. Antenna uniformly dark brown, rather stout ;

hair arising J to |^ length of antenna from base ; terminal

hair pectinate. Mentum with tlu-ee teeth on either side

of median tooth, arranged as in A . culicifacies, the teeth very
small.

Shoulder hairs : inner and outer arising from basal tubercles,

both hairs stout and feathered. Metathoracic hair no. 1

formed into very well developed palmate hair. Pleural

hairs as for group ; dpi split into 3-5 br. The basal tubercles

large, a pointed process on each segment, these arising from
the dorsal instead of the ventral edge, as is usual.

Palmate hairs well developed on I-VII. Leaflets rather

broad and marked as in fluviatilis and minimus, much
resembUng the leaflets of those species, except that the

filament is only about I length of blade. Lateral hairs

on IV-VI long and slender, showing 4-7, 5-6, and 6-8 br.

respectively ; on VII very short, with 4-6 br. Tergal plates

fairly large, about ^ length of segment on anterior segments
and nearly covering dorsum of VIII ; median plate not

included in anterior plate ; small oval plates absent, spc

very poorly developed ; mps fairly broad anteriorly but not
touching the chitinisations. Pecten with 4-5 long and
6-10 short projections, ps hair long, with 8-9 br. Saddle

hair long and spUt into 2-3 in distal quarter. Caudal hooks
5-6 ; some branches of isc also forming hooks. Hair 13

on I-VII unusual in being of similar form, increasing in size

from before backwards.
Ego.—^IJndescribed.
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Identification.—Superficially somewhat resembles A. kar-

wari, but differs in absence of the additional pale band on the

female palpi and in the darker wings and coloration generally.

Distribution.—Not recorded outside the Indian area.

In the Indian area known as yet only from Benual (Darjeeling

and Jalpaiguri Dist.), Coorg, Malabar Dist., and Mysore.
Bionomics.—Young and Majid found the species breeding

in grassy slow-running streams ; Iyengar records the breeding

places as " jhoras " or small open drains in tea-gardens,

also on fallow rice-terraces.

Relation to Disease.—Nothing is known of any relation

to malaria.

Group Psbi DOMYzuMyi a .

Christoplierw, Ijiii. Med. Kes. Mom. no. 3, p. 57, 1924.

(Irassia 1'heo., Journ Trop. Med. v, p. IKl, 11)02. Preoccupied
(jiec Fisdi), vUic Blanchard, C. K. Soc. Biol. liv, p. 795, 1902.

'J'yi'k : A. rossii Giles.

J\Iyzomyia Blanchard, foe. cit. p. 795. Tyi'k : A. rossii Giles.

Howardia Thoo., loc. cit. p. 181. Preoccupied (nee Dalla Torre),

vUh Blanchard, loc. cit. p. 795. Type : A. costalis Theo.
FyretophoruH Blanchard, loc. cit. p. 795. Type : A . cos'talis Theo.
Aldricliia Theo., Mono. Cul. iii, p. 353, 1903. Type : A. error

Theo.
I'neudomyzoinyia Theo., Mono. Cul. iv, iiisei't.-slip, 1907. Typb :

A. rossii Giles.

Aldricliiruila Thoo., Mono. Cul. v, p. 3, 1910. Tvpe : A. error

Theo.
Nyssomyzomyia James, Paludism, no. 1, j). 37, 1910. Type:
A. rossii Giles.

faloEornyzomyia Swell. & Rodenw., Die Anoph. v. Niederl.-
Ostindien, p. 114, 1932. Type: A. paranyensia hudl.

Type-species, A. subpictus Grassi *.

Pharyngeal armature with two rows of teeth, differentiated

as cones and rods, the cones with deep roots ; crest of

pediment with a single row of spines, not appearing bifurcate

in posterior view, the crest usually very long
; pediments

in anterior view appearing bulbous, usually without definite

lateral teeth ; filaments usually long, flat, with spicular

branches ; rods with flattened posterior extension. Lateral

flanges large.

Propleural hairs of adult present, usually several.

Palpi of female with apical segment long, though usually

wholly included in apical pale band
;

pronotal lobes usually

* Edwards, 1932, suggests that, if A. gamhioe be included, this group
should be Pyretophorua. Strictly, of course, it should be Myzomyia,
but I have kept to the name so far usually employed, especially as
A. gam/bice is in several respects not a very representative species,

though it clearly seems to belong to the group.
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without a scale-tuft * ; mesonotum usually with mainly
hairs f ; ornamentation of wing much as in group Myzomyia,
but light ornamentation predominating, and the pale costial

areas usually broad in apical half of wing ; tarsi in all cases

banded, and in some species the femora and tibiae speckled,

though the terminal segments of the hind tarsi are never
white ; abdomen usually with some scales on the last segment
and cerci, without lateral tufts.

Harpago with a long apical hair, usually about twice
length of club, and accessory hair or hairs quite small ; leaflets

of phallosome lanceolate or blade-like, witb, a varying degree
of serration.

Pupa : spine on V-VII long and sharp, but that on IV
short and usually blunt. Hair C branched on IV, always
simple on V-VII. Spines on external border of paddle
more or less saw-like.

Larva : clypeal hairs simple ; the cone-shaped appendage
on the maxillary i)alp bifid. The full characters of the
pleural hairs for the group are given below :

—

1. 2. 3.

ila Long, split about Long, simple. Long, feathered.
middle into 2-3 sometimes split

bv. J in distal half into
2-4 br.

tia Long, simple. Long, simple Long, feathered §.

</p One-third anterior, Kxtremely short. Reduced to tiny
simple or bifid. simple papilla.

vp Long, simple. Short, slender. Very short, slen-

simple. der, bifid.

The projection from the basal tubercle on each segment
is prolonged into a sharp-pointed spine.

Species recorded from the Indian Area 1|.

The following species or varieties are recorded from the
Indian area :

—

A. suhpictus Grassi.
A. vagus Don.
A. aundaicus Rodenw. (A. ludlowi var. sundaicue).

The following synopsis of the Oriental forms in this group
may be useful for reference (see also remarks on identification

given under A. stibpictus and A. aundaicus. For further
details Bang, Phil. Joum. Sci. xlvii, p. 305, 1932, should
be consulted).

* A tuft is present in A. gambice.

t Scaly in A. gambice.

t Feathered in A. gambice and parangenaia ; aimple in vaffus

§ 4-6 long lateral branches in distal half in J[.t«iju«; simple in jramAtoe.

II
In addition to the Oriental species and varieties given above,

there are two African species, A. gambice Giles and A. chriMyi Newst.
& Carter.
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With femora and tibise speckled.

A. parangensis Ludlow Philippines, Celebes.

A. ludloivi Theo Philippines (fresh water), For-
mosa {hatorii).

A. litoralis King Philippines (salt water).
A. sundaicua Rodenw Sunda Islands, Malaya, India.

Femora and tibise not speckled.

Outer clypeal hairs of larva half or more length of inner.

A. subpictus Grassi India.

„ var. indefinita Ludl. Philippines, Formosa.
,, var. malayensia Malaya, Sunda Islands (?).

Outer clypeal hair of larva very short, about J length of inner.

A. vagus Don Suuda. Islands, Malaya, India.

,, var. Hmosun King Philippines.

26. Anopheles subpictus Grassi *. (Fig. 38.)

Grassi, Atti d. R. Accad. Lincei (5), viii, p. 101, Feb. 1899 (^4. sub-

pictus). Type-loc. : described from a specimen sent by Rosa
from India (Calcutta). Type : in Rome Univ. Mus. (vide

Brunetti, Rec. Ind. Mus. xvii, p. 98, 1920).

Synonym.s :

rossii Giles, Journ. Trop. Mod. ii, p. 6,3, Oct. 1899 {A. rossii).

Type-loc. : India (probably Calcutta). Type : (J and $
typo-spociniens, the former labelled " Ross, dapple-winged
mosquito," neither with locality, in Brit. Mus. Sy'N. by Edwards,
Bull. Ent. Res. x, p. 129, 1920.

error Theo., Mono. Cul. iii, p. 353, 1903 (Aldrichia error). Type-
loc. : Calcutta (G. W. Daniels). Type : 9 in Brit. Mus.
Stated to be composite specimen by Alcock. Entom. for Med.
Off. p. 69, 1911.

Recognized Vai41eties :

indefinitus Ludlow, Canad. Entom. xxxvi, p. 299, Oct. 1904
{M. rossii Giles, var. indefinita). Type-loc. : Bayamban,
Mangarin, Guimaras Is., Philippines. Type : 4 9 co-types

in U.S. Nat. Mus., Washington {vide Dyar, Insect. Insc. Mens.
xiii, p. 86, 192!>, and King, Phil. Journ. Sci. xlvii, p. 30.5, 1932).

Nee A. indefinitus of Theo., Mono. Cul. iv, p. 47, and many other
authors (vide under A. vagus). Not recorded from Indian area.

malayensis Hacker, F.M.S. Mai. Bur. Repts. ii, p. 1, 1921

{A subpictus var. malayensis) f. Type-loc. : Fed. Malay
states. Type : series in Brit. Mus. ; type not selected. Not
recorded from Indian area.

This .species is tlie A. rossii, in part, of numerous authors prior

to 1920. The type of A. subpictus. if still in existence, has not, so far

as I know, been recently examined, but Grassi's description of the
specimen from Calcutta as having the last two palpal segments,

• Systematic : Thoo. 1901 a, p. 1.54 ; James and Liston 1904,

p. 109; 1911, p. 98; Ludlow 1916, p. 155; Christ. 1916 a, p. 476:
Edw. 1920, p. 129 ; Rodenw. 1922, p. 185 ; Christ. 1924 c, pp. 57, 97 ;

King 1932, p. 305 ; Edw. 1932. See also GUes 1900, p. 149 ; Liston

1901, p. 364 ; James 1902, p. 44 ; Theo. 1903, p. 45 ; Swell. 1917 a.

p. 490 ; 1917 6, p. 42 ; Mangk. 1919, p. 62 ; Swell, and Swell. 1920 h,

p. 89; Rodenw. 1923 o, p. 20 ; Carter 1925, p. 72. See also refejsnces

on pp. 235-6 (footnotes).

t See also Barber 1918, p. 2.
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taken together, dark in tho proximal and light in the distal halj, appears
to remove any ambiguity in tho synonymy.

Tliat A. rossii, included two distinct species was not recognized

until tho name A . subp ictus came into use ; records under the name
fif A. rossii cannot, therefore, be usually accepted as necessarily

relating to A. subpictus, except for areas where it is known that
A. vagus does not occur ; but the same objection does not hold for

records where the name svbpictus has been used, which is a strong reason
for not going back, as some writers have advocated, to the name rossi.

Keferences to A. subpictus in areas east of India are generally

miderstood to apply to other forms than the typo-form, but this is,

])erhnps, still vmcortain. The A. rossii of Strickland., 1915 o, of Christ.,

li)12 c, of Swell., 1916, p. 38, and of Schiiff. and Swell., 1917, is

A. vai/us. A. vagus of Sehiift'. and Swell., 1917, and ^. indefinitus of

Swell., 1916, p. .55, are A. subpictus.

Adult $.—Size medium (length of wing 2-3-4-0 mm.).
Head : scales normal, with a conspicuous vertical area

;

vertical chsetae white or pale, an anterior cluster of ten or more
forming a well-marked frontal tuft ; ocular scales ratlier

narrow. Antenna: : tonis sometimes with a few minute
scales ; inner aspect of first flagellar segment with white
scales. Falpi rather shaggy throughout large part of extent

;

apical segment about half the preapical in length, index 0-49

;

ornamented with a broad apical band and two narrow pale

bands, apical band involving whole of apical segment and
distal end of preceding segment ; apical pale area about same
length as dark area between apical and preapical pale bands.
Labium uniformly dark.

Pharynx | : cones and rods each numbering about 20.

Cones with pediment bulbous, with narrow neck passing into

long root-ridge and no obvious lateral teeth ; filament broad,
tapering to point, with some spicular teeth rising on anterior

aspect in basal half ; crest much elongated, with a single

row of spines, appearing blunt and with a somewhat truncated
apex in posterior view. Rods with a flattened basal expansion

t Phaeynx : Sinton and Covell 1927, p. 306 : Barraud and Covell
1928, p. 675 ; 1929, p. 101 ; Manalang 1929, p. 431.

Wing of ?, standard scale. 2. 3 and <? palp, same scale. 8. Legs :

(a) front leg ; (6) mid-tarsus ; (c) hind tarsus. 4. Vertex.
5. Pharyngeal teeth : (a) anterior view of cone, showing root

;

(6) lateral view of same, direction of root indicated by dotted
line ; (c) lateral and anterior view of rod ; (d) looking down on
crest, the cone itself and rod at side directed towards observer

—

a very usual view when armature is mounted whole, the general
effect given in 8 6 ; (e) posterior view of crest (right) and scallop
(left), from which rod arises (see 8 c). 6. Apex of harpago.
7. Leaflets of phallosome of one .side, standard scale. - 8. Three
views of armature as a whole : (o) oriented to show cones as
in 5 a, the rods oblique and only partially in foous ; (b) oriented
to show as in view ltd ; (c) oriented to show as in 5 e, the rod
placed in somewhat schematically. 9. Clj^peal hairs of larva.
10, a-c. Basal tubercles of pro-, meso- and metathoracic pleural
hairs of larva.
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posteriorly and sometimes withi one of two spicules in this

position, termination simple, rod-like. Post-armature ridges

with very long spines.

Thorax with chsetae oiJy on apn
;
propleural hairs 2-3.

Mesonotum pale, lateral areas somewhat darker than median
area ; median area covered with short, golden, curved iiairs,

with median and lateral tufts of narrow white scales on ap,

area below latter with numerous erect black scales ; fossae

with some scattered broader scales and some scales on lateral

areas. Pleurae with a few scales sometimes present on sterno-

pleuron ; spiracular hairs 6-9
;

prcalar 12-13 ; upper
mesepimeral about 20 ; upper sternopleural group about (>,

lower about 8, the two groups more or less continuous, with
a few scales between.

Wings as in fig. 38, 1 ; base of costa usually with three small

dark accessory sjxjts, the two inner ones sometimes partially

or wholly ct)ntinuous, or sometimes the middle spot obUterated
;

middle dark spot of costa usually about twice as long as the
others, dark area on vein 1 shorter, both internally and
externally, than the dark costal area, so that it is usually

about half the length of this, sometimes a dark spot present

on vein 1 at inner end of spot. Preapical dark spot about
equal to, or a little smaller than, pale area on either side ;

fringe commonly with an additional pale area between
termination of vein 6 and base, and often one between 5.2

and 6. The pale areas in general greatly preponderating,
and dark spots on the wing-field liable to obhteration in various
degrees. Scaling of wing moderately broad ; max. str. 9-10,

but some scales to 12.

Legs with front femora distinctly swollen in basal half.

Femora more or less unicolorous, each with a dark ring at base
about equal to the diameter ; under surface of front femora
variable, often dark or with pale patch basaUy ; mid- and
hind femora markedly pale beneath throughout entire length
except for the narrow basal band and a somewhat longer
dark area towards apex ; all femora, especially middle pair,

with a double pale spot or band towards apex on dorsal
aspect, beyond which the scaling is often darker ; actual

tips of femur dark. Tibiae of fore legs broadly pale beneath,
especially at tips, which are conspicuously pale in this sitjiation,

also with a thin, often broken, pale line on external surface ;

mid- and hind tibiae similarly marked, with a thin pale line

on anterior surface expanding at apex ; the tips pale, especially

on mid- and hind legs. Tarsi banded as in fig. 38, 8 ; fore tarsi

broadly banded apically and basally at 1-2, 2-^ and 3-4,

sometimes an apical or apical and basal band at 3-4, bands
yellowish ; tarsi of mid- and hind legs with much narrower
bands, usually mainly apical. Coxae pale, devoid of con-
spicuous scale-tuffcs.
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Abdomen light, thickly clad with golden hairs and some
narrowish yellow scales, or sometimes some darkish scales,

at posterior border of VII and VIII ; venter sometimes
with some pale scales on VII laterally and numerous dark
hairs, and not infrequently some dark scales, in middle line

apically. Ceroi usually with numerous dark scales ; some
Ught scales also sometimes present.

Adult ^.—In general as in $. Palpi with club and stem
largely pale, ornamented as in figure. Abdomen with

hairs only except on dorsum of VIII, where there are numerous
moderately broad pale scales ; usually a few narrow scales

on ventral aspect of VII. Coxites with numerous pale and
dark scales.

Hypopygium *
: harpago with very long apical spine,

more than twice length of club ; a very small spine, much
less than

-J
length of apical spine, arising between this and

club. Phallosome rather strongly bent ; about ^ length

of coxite ; carrying about 6-7 leaflets on each side, largest

leaflet about half length of phallosome ; leaflets blade-like,

the larger ones sliowing some shallow serrations in basal

portion. Average length of largest leaflet, according to

King (1932), is 57 /i, varying from 51-59;u., this leaflet longer

and narrower than that of A . indefinitus.

Pupa—Paddle t : external border bare in anterior quarter,

followed by some short denticles, becoming rather short

stoutish spines posteriorly, abruptly replaced by hairs

decreasing in size and not reaching paddle-hair ; paddle-

hair long, hooked ; ace. hair simple.

Spine : (VIII), length somewhat less than half segment.

(V-VII) curved, pointed, those on VI and VII somewhat
more and that on V somewhat less than half length segment.

(III-IV) short, blunt.

Hair B : (III-VII) branched, from half to f segment.
Hair C : (V-VII) simple, somewhat longer than segment.

(IV) 2-3 br. , about as long as segment. (Ill) 4-6 br.,

shorter than segment. C (VI) simple.

Hair T : (I) simple.

Larva J.

—

Clypeal hairs slender, simple; oc a httle

over half length ic; pea. little shorter than oc, arising rather

far back. Artlennce rather slender ; hair arising about

* Hypopygium : Christ. 1915, p. 393 ; Swell. 1921 a, p. 02 ; 1921 6,

p. 43 ; King 1932, p. 329.

t PrPA : Senevet 1931, p. 38.

t Labva : Puri 1928, p. 524 ; 1931, p. 136. See also Steph. and
Christ. 1902 a, p. 12 ; 1902 6. p. 14 ; James 1902, p. 44 ; Thso. 1903,

p. 45 ; Liston 1908, p. 879 ; James and Liston 1904, p. 110 ; 1911,
p. 98; Stanton 1912 6, p. 5; Mangk. 1918, p. 481; 1919, p. 62;
Swell, and Swell. 1919 o, p. 38; Iyengar 1922 a, p. 631 (taU-hooka)

;

Walch and Soesilo 1929, p. 3 (peoten) ; King 1932, p. 328 ; Ghosh
1932, p. 1085.
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middle of antenna ; terminal hair 3-4 br. MaxilUtry palp

with the cone bifid from about its middle. Mentum. "with

four teeth on either side of median tooth, all adequal and
equidistant except last in row, which is a little smaller ;

an extra small tooth may be present at end of row.

Shoulder hairs : inner without conspicuous basal tubercle,

slender, sparsely feathered ; middle with poorly-formed
tubercle, about 1^ times length of inner. Metathoracic

hair no. 1 resembUng ordinary hair, short, simple, or spUt

into 2-0 br. Pleural hairs as given under group. Projection

on mesothoracic tubercle arising from ventral edge.

Palmate fmirs well developed on II-VII ; hair no. 1 on I

with 6-9 poorly-developed filaments. Leaflets uniformly
but poorly pigmented ; filament nearly as long as blade,

the shoulder sharply defined. Lateral hairs on IV-VI long,

splitting near base into three slender branches (sometimes
into two on VI) ; on VII very short, split into 2-3 br.

Tergal plates very small and narrow, spc well developed,

with projecting spur ; mps very broad anteriorly and nearly
touching chitinisation. Pecten with 4-5 long and 10-11

fhort processes, the number and length very variable.

ps hair long, with 5-G br. arising near base ; osc with 6-8
long br., forming poorly-developed hooks with very shallow
curves. Anal papillce rather stout, about twice as long as anal
segment.
Egg *.—Upper surface as wide throughout as the egg-body,

middle portion not narrowed, or only very slightly so

;

covered throughout with pale punctee. Lower surface with
(or sometimes without ?) palepunctse. Floats nearly touching
margin of upper surface ; occupying about the middle
two-thirds and extending to about an equal distance from
either end of the egg, or slightly nearer one or the other

;

float-ridges 30-40, narrow, regular, rather smooth ; float-

terminations relatively small, rounded, flattened. FriU very
broad, stiff, extending laterally, continued all round the
margin of the upper surface except at the ends ; coarsely
striated throughout its whole extent, rather thick and opaque
or mUky ; when fully displayed as broad as | of width of
deck.

Identimoation.—A. stephensi often has a general resem-
blance to A. subpictus from its often light fawn colour, but
the speckling of the femora and tibiae, the two broad apical
palpal bands, and heavily scaled mesonotum readily dis-

tinguish it.

A. mndaicm is readily distinguished in unxubbed specimens
by the speckling of the femora and tibisB; otherwise the

• Ego : Steph. and Christ. 1902 a, p. 12 ; 1902 6, p. 14 ; Christ, and
Barraud 1931, p. 176.
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points of distinction between this species and siibpictus

are somewhat hmited (vide remarks under A. sundaicus).

A. vagus is distinguished by the much longer pale apical

area on the female palp, three or four times the length of the
preceding dark band, whereas in A. svbpictus it is about equal

in extent, a distinction usually to be confirmed by the presence,

in the female, of a pale tache in A. vagus towards the end of

the proboscis. The short outer clypeal hairs also serve to

distinguish A. vagus sharply from A. subpictus.

Differentiation between the males of A. subpictus and
A. vagus is difficult. Rodenwaldt gives as a distinguishing

point the broad apical banding of joints 3-4 of the front

tarsus in A. subpictus, this being less conspicuous in A. vagus
and either apical or possibly basal, but not both : but it is

doubtful how far this holds good. As in the female, the
prehumeral dark accessory spot is usually continuous in

A. vagus, and extends to the extreme base of the wing, whilst

it is divided, and with more white scaling on the costa, in

A. subpictus. A definite difference appears to exist in the
character of the leaflets of the phaUosome : these are larger

in A. vagus (average measurement by King 72 ^a) than in

A. subpictus (average 58ju,).

The following synopsis of the various forms of A. subpictus

and A . vagus may be useful for reference ; it is taken, for the
most part, from King, 1932 :

—

) . Larva with outer clypeal hair much shorter
than half length of inner. Apical pale

band on $ palpi 3-o times preceding dark
band.
Dark area on vein 1 on inner costal spot

usually less than half as long as that on
costa ; prehumeral dark aoc. costal spot
usually undivided and extending to

extreme base of costa ; subapical dark
costal spot distinctly shorter than pale

spot on either side. Lateral hair on sog. 1\
of larva with 2 br. Leaflets of phaUosome
largo, the first very long, the others pro-
gressively shorter.

(a) With a tache on ? proboscis towards
extremity. Posterior clypeal hairs

of larva approaching bases of inner
and approximated (fig. 39, 6).

Prehumeral dark spot with white
scales anteriorly. Leaflets of

phaUosome average 12 n vagus.

(h) Without such a tache. Posterior

clypeal hairs of larva wider apart
and further back (fig. 39, 7).

Prehumeral dark spot without
white scales anteriorly. Leaf-
lets of phaUosome average 68 /i . vagus var. Um oaii».
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2. Larva with outer elypeal hair somewhat
more than half length of inner. Apical
pale band on $ palpi same length as
preceding dark band, or not more than
twice this.

Dark area on vein 1 on inner costal spot
usually more than half as long as that
on the costa. Lateral hair on seg. IV
of larva with 3 br. Leaflets of phallosome
large or small.

(a) Preapical dark band on $ palpi
\ariable, averaging about half the
apical pale band. Leaflets of

phallosome .short (av. 36 fi) and
more or less of even length. Pre-
hiuneral ace. dark costal spot
usually undivided and extending
to extreme base of costa.

Palmate hair on abd. seg. 1 less

developed ; shoulder hairs
loss branched (av. 13'2 and 12'2

br. resp.) ; leaflets of palmate
hair on seg. IV not so large,

filaments approx. 0-8 of blade.
Subapical dark costal spot
given as longer than, or as
long as, the palo area on either [nittts.

aide aubpictus var. indefi-

I'almate hair on abd. seg. 1 more
typically developed ; shoulder
hairs more branched (av. 17'5

and 15-8 br. resp.) ; leaflets of

hair on seg. IV larger, filament
approximately same length
as blade. Subapical dark
costal spot in specimens seen
appears to be usually rather
short, as in the type, A. aub-
pictus. Largest leaflet of
phallosome slightly longer and [ensis.

narrower than in A. imhpictus. svbpictus. var. malay-
(6) Preapical dark band on palpi about

same length as apical pale band.
Leaflets of phallosome long (57 /i)

and more as in .4. vagiis.

Prehumeral dark ace. costal spot
nearly always divided or in
part obliterated, the base of

the costa with more pale sealing
and prehumeral not extending
to extreme base ; subapical
dark costal spot shorter than
pale spot on either side aubpictus (type-form).

Prehumeral undivided and ex-
tending to base ; subapical [India),
dark costal spot longer aubpictus (salt water.

Distribution.—The species, including varieties, is widely
distributed in the Oriental Region. It is recorded from New
Guinea ; Moluccas (Amboina, Ceram, Geser, Halmaheira,
Haraku, Temate) ; Celebes (Celebes, Boeton, Bangaai)

;
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SuLA ; Phimpfines ; Fobmosa (?) ; S. China (?) ; Lesser
SimoA Islands (AJor, Bali, Boeroe, Flores, Lombok, Pantar,

Roma, Soemba, Soembawa, Timor, Wettar) ; Java ; Stjmatea
(with Nias, Biliton and Riouw) ; Borneo ; Tonkin ; Cochin
China ; Mai^ay Peninsula ; Siam ; India, Burma, and Ceylon.

King, 1932, does not include the type-form as occurring

in the Philippines. Kinoshita's reciord (repeated by Faust)
for Formosa refers to A. vagus (vide Yamada, 1925, p. 454),

or possibly var. indefinitus. The vaHdity of records for China
must also be considered doubtful, some of those given by
Faust relating to indefinitus (vagus or the true indefinitus),

leaving only the Canton records (Faust, specimens collected

by Campbell and identiiied by Banks ; Buddie, 1928, p. 90).

Further, it is uncertain to what extent the records from the
Dutch East Indies, etc., include the type-form. Some speci-

mens collected by Hill from New Guinea, in the Kasauli
collection, appear to have much more definitely scaled

mesonotum than anyother forms seen by me, and are probably
at least varietally distinct.

In the Indian area A. subpictus is recorded from numerous
localities throughout the whole area, including Loralai, Quetta-
Peshin and Zhob districts of Baluchistan, numerous localities

in the N.W. Frontier Province, Sind, and Gujarat, throughout
the whole Peninsula and the extreme south, including Ceylon,

in nuinerous localities in Upper and Lower Burma to the
Salwee. It is not recorded from the Andamans. Many
records, however, clearly relate in the eastern areas in large

part to A. vagus.

In the collection of the Malaria Survey the species is

abundantly represented from many locaUties in the North-
West and over the whole Peninsula, but less so from Bihar
and Oriasa and Bengal, where the majority of specimens are

A. vagus. There is only one specimen from Assam (Sylhet)

and one general locality (Pyinmana and neighbourhood,
Yamethin Dist.) in Burma. Up to the present this last

record is the most easterly locality from which the type-form
of A. svbpicttts has been seen.

Specimens of A. svbpictus throughout the Indian area
for the most part conform to King's description of the type-

form. A number of specimens, however, from Falta and
Dum Dum in Bengal, Ennur near Madras, and the salt-pan

area near Bombay have the prehumeral spot undivided
and continued to the base, and the preapical dark costal

spot variable, but usually longer than in the type-form.

This appears to be a salt-water variant, since the palpi and
leaflets of the phallosome are as in the type-form. . So far

as known var. maiayenM does not occur in the area.

Bionomics.—A. svhpidus is a markedly dbmestio form,
breeding especially in the neighbourhood of habitations,
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and to be caught often in very large numbers in occupied

and unoccupied rooms of houses, in outhouses, barracks,

stables, cow-sheds, and such like situations (Adie, 1905). The
female feeds readily in nature and experimentally on animals

and man {Phillips, 1923 ; Gill, 1925), and specimens caught

both in houses and cattle-sheds have been found by the latter

author, by means of the precipitin test, to contain human
blood.

A . subpictua breeds especially in collections of water, often

of a very temporary kind, such as form in excavations and
hollows, especially during the monsoon, about villages and
towns (James and Liston; Christ., 1904, 1911; Hodgson).

It is commonly encountered in borrow-pits, buffalo-wallows,

brick-pits, drains, pools from leaks and waste water, cement-

sumps, etc., and during the rainy period often in furrows

in gardens and cultivated ground , collections of water in roof-

gutters, hollows in scrapped machinery, and other miscel-

laneous breeding places It is recorded as occurring in

rice-fields (King and Krishnan), in irrigation channels (Rich-

mond and Mendis ; McCombie Young and Majid), and in

weUs (Strickland, 1923 ; Oill, 1917) ; it may also occur in sucli

situations as weedy lake-margins, moats, sluggish rivers

etc., especially if near habitations (Gill and Harnam Singh,

1920). It is especially noticeable for its power of breeding

in dirty or more or less polluted water (Thomson, 1909 ;

Sinton, 1917 ; Gill, 1917 ; Iyengar, 1917). It also exhibits

considerable powers of breeding in brackish or salt water
(James, 1902 ; Chctlam, 1924). In Batavia van Breemen,
1920, has recorded it as breeding, along with aundaicus

(ludkmi), in fishponds, and as being even more resistant

to salinity than that species, and still occurring even when
the salinity rose to 8-6 per cent.

The seasonal prevalence in the Punjab and north-west
is more or less confined to the period during and following

the monsoon ; it first usually appears about June and is very
prevalent from July to November, and still present in reduced
numbers in December, after which it virtually disappears

(Christ., 1911 ; Sintmi, 1917, 1922). In the United Provinces

it has been found in small numbers in January and February,
as well as before the monsoon (Graham, 1913). In South
India and Burma the species occurs more or less throughout
the year (Fry, 1912 ; Russell, 1923 ; Feegrade, Akyab).
Relation to Disease.—A. subpictua has been experi-

mentally infected, as far as the oocyst stage, with all three

forms of the malaria parasite. Gland infection with B.T.
is recorded by Gill, 1925, in the Punjab and with M.T. and
B.T. by Soesilo at Batavia. A small percentage infection

(0-02-0-04 per cent.) has been observed in the Dutch East
Indies, but, so far, though numerous dissections hare been
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made, there is no certain record either of gut or gland infection

in nature in India. Since the species carries experimentally,

Soesilo ascribes the small amount of natural infection to the
fact that the species feeds mainly on cattle. In view of Gill's

results this requires confirmation.

27. Anopheles vagus Donitz, 1902 *. (Fig. 39.)

Donitz, Zeit. f. Hyg. xli, p. 80, 1902 {A. vagus). Type-loc. :

$, Port de Kock, Sumatra ; (J, Banjoe-Biroe, Java. Type :

not known.

Synonyms :

indefinita of Thoo., Mono. Cul. iv, p. 47, 1907 ; Stanton, Joum.
Lond. Sch. Trop. Med. ii, p. 6, 1912, and Bull. Ent. Res. vi,

p. 169, 1915 ; Edwards, Bull. Ent. Kea. vi, p. 67, 1915 ; Strick-
land, Bull. Ent. Res. vi, p. 157, 1915, and other authors.
Nee A. indefinita Ludlow.

immaculatus J0,mea, Soi. Mem. Govt. India, n. s. no. 2, p. 35, 1902
{A. immaculatus). Type-loc. : Ennur, near Madras, India.

Type : described from a single $ ; type in Brit. Mus. Theobald,
Mono. Cul. iii, p. 23, 1903, described the same specimen under
the same name, but afterwards. Mono. Cul. iv, p. 14, referred
to it as James's species. The type-loc. of Goa, given by Theobald
in his first description, was later corrected by him. Syn. by
Edwards, Bxill. Ent. Res. xii, p. 70, 1921. This is a flavescent
form of A. vagus, not infrequently met with.

flava Swelleng., Geneosk. Tijds. Ned. Ind. Ivii, p. 807, 1917
(Myzomyia flava). Type-loo. : Soerabaia, Java. Type :

described from 3 59 and 3 cjcj ; type $ in Brit. Mus. Syn.
(of A. immaculatus) by Edwards and Swellengrebel, in Swell,

and Swell., Bull. Ent. Res. xi, p. 77, footnote.
javanensift Swell. & Swell. Bull. Ent. Res. xi, p. 91. Name in

table, which should reaA flava.

RECOGNrSED Vakibty :

limosus King, Phil. Joum. Sci. xlvii, p. 330, 1932 {A. vagus
var. limosus). Type-loc. : Philippine Islands.

The synonymy connected with this species is somewhat complex.
A distinction between a form with broader palpal band and type
roasii was first indicated by Edwards (in Ludlow), Bull. Ent. Res.
vi, p. 157, 1915. This form was later given by Christophers, 1916,

p. 477, as synonymous with A. vagus Don. Following this generally
accepted synonymy, two species, A. vagus and A. subpictus, were
recognized, with broader and narrower pale areas on the palpi respec-

tively. A. indefinitus Ludlow, as also A. formoaaensia II, were generally

• Systematic : (vagus or indefinita) Edw. 1915, p. 157 (footnote)

Ludlow 1915, p. 155 ; Christ. 1916 a, pp. 477, 479 ; 1924 c, pp. 58, 97
Swell. 1921 o, p. 38 ; Rodenw. 1922, p. 185 ; Yamada 1925, p. 454
(formos. II) ; King 1932, p. 305. See also Schiiffner 1902, p. 90
Theo. 1907, p. 47 ; 1910 a, p. 34 ; Stanton 1912, p. 6 ; Ludlow 1914 a,

p. 34; Strickl. 1915 6, p. 157; SweU. 1917 o, p. 490; 1917 6, p. 42
Schiiff. and v. Hevden 1917, p. 40 ; Mangk. 1919, p. 64 ; Swell. 1919.

p. 3 ; Rodenw. 19"21, p. 151 ; Hacker 1921, p. 1 ; Strickl. 1925, p. 19

1927, p. 875. {immacukOa or flava) James 1902, p. 35 ; Theo. 1903

p. 23 ; Swell. 1916, p. 7 ; 1917 c, p. 807 ; Swell, and Swell. 1920 6, p. 77
Edw. 1921 a, p. 70 ; Senior White 1923, p. 34 ; Strickl. 1927, p. 875.

DIPT.—^VOL. IV. B
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taken to be the former speoios. Recently King, 1932, has shown that
the true A. indefinitus is different, whether treated as a distinct

species or placed as a variety of A. subpictus. Further, A. formo-
saensis II Tsuzuky, considered by Yainada, 1925, as synonymous with
vagiis, is thought by King to be nearer A. inrlefmitvs than A. vagvs.

Further, the Philippine form of A. vagus is considered to be a variety,

var. limosiis {vide Key, p. 237).

A. vagus is the A. rossii of Leicester, 1908 ; Christ., 1912 ; Strick.,

1915 ; Swell., 1916, and many other authors. -4. stephensi of Mathis
and Legor, 1910, and var. malayensis of Tiedemann, 1927, p. 226.
appear to be j4. vagus.

Adult.—Very closely resembles A. subpictiis, but differs

in the following respects :—Subapical dark band on ? palp
much narrower, usually not much longer than it is broad,

and only about J to ^ length of pale apical area
;
prehumeral

dark accessory spot at base of costa either continuously

dark or, more usually, with pale scales anteriorly, dark scales

connecting the two portions along inner border of costa ;

joint between segments 4-5 of front tarsus in (J unhanded,
or with narrow apical or basal pale band only. The subapical

dark spot on the costa is usually short, as in A. subpictus.

Pharynx *
: closely resembles that of A . subpictus.

Hypopygium f : in general as in A. subpictus. Phallosome,

however, with 4-5 stout leaflets and one or more shorter spikes

on each side ; first leaflet straight and very long, next three

or four progressively shorter ; length of longest leaflet about

12 II (King).

Ptjpa X ' Paddle in general as in .4. subpictus, but spines

on externa] border longer, stouter, and more sharp pointed
;

ace. hair half length of paddle-hair, bifurcate.

General arrangement of spines and chief hairs as in ^. sub-

pictus.

Lakva §.—According to Puri, in the main as in ^. subpictus,

but differing especially in the cl3T)eal hairs, ic slightly

stouter than in A. subpictus ; oc very short, between

^ and J length of inner and arising much closer to the inner

hairs than in any other species except in Neomyzomyia.
pc short, simple, placed far forwards, and much internal

to ic. The inner sutural slightly shorter than in A. subpictus.

* Pharynx : Sinton and Covell 1927, p. 306 ; Barraud and Covell

1928, p. 675 ; 1929, p. 101 ; Puri 1928 6, p. 526 ; Manalang 1929, p. 431.

t HYPOPYGitTM : Christ. 1915, fig. 23 (rossi) ; Swell. 1921, p. 38

;

King 1932, p. 329.

t Pupa : Senevet 1931, p. 72.

§ Labva: Stanton 1915 o, p. 169; Strickl. 1915 o, p. 321; Swell,

and Swell. 1919 o, p. 34 ; Lambom 1921, p. 91 (tail-hooks) ; Mangk.
1918, p. 483 ; 1919, p. 64 ; Swell. X921 a, p. 41 ; Iyengar 1922 a, p. 63
<tail-hookB) ; Borel 1925, p. 225 ; 1929, p. 49 ; Carter 1925, p. 87 ;

Senior White 1925, p. 219 ; Stanton 1926, p. 52 ; Puri 1928 6, p. 524

;

1931, p. 139 ; King 1932, p. 311.
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Pleural hairs : dal simple, not split into 2-3 as in A. svb-

pictus ; da2 very rarely bifurcate. On the metathorax only
•one of the long hairs is markedly feathered, the other
having only 4—6 long lateral branches on its distal half.

A. vagxts.

Wing of $, standard scale. 2. (J and $ palp, same scale.

8. Phar3Tigeal teeth : (a) anterior view of cone, isolated tooth and
ftill-length root not shown

; (6) lateral view of same ; (c) lateral
view of rod ; (d) p :isterior view of cone (right) and basal scallop
of rod (left). 4. Apex of harpago. 5. Leaflets of phallosome
of one side, standard scale. 6. Clypeal hairs of larva (after Puri).
7. Same, var. limoaue (after King).

b2
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Lateral hair on IV-V split only into 2 br. ; usually, also, the
hair on VI.

EoG *.—Very similar to A. subpidus, but smaller (measuring
in examples seen ()-49 mm. in length), with narrower frill

and somewhat shorter floats. Floats occupying about the

middle half of the egg ; float-terminations of moderate size,

rounded ; float-ridges 20-30. Frill striated throughout,

but narrower and more transparent than in A. subpictus.

Identification.—This is usually not difficult in the $,

as the palpal differences between A. vagus and A. subpictus

(type-form), which alone occurs in the Indian area, are quite

distinctive, and in most cases any doubt is removed by the

light tache on the proboscis, which is a very constant feature

of A. vagus. In the male the absence of a broad basal and
apical band at 3-4 on the fore legs, and the uninterrupted

prehumeral dark ace. costal spot extending to the base of the
costa, may to some extent serv^c to distinguish vagus from
subpictus, especially supplemented by examination of the
leaflets : the larval characters should be used wherever
possible. For further details see section on identification

under A . subpictus.

A variant of this species which has caused some speculation

is the so-called "' immaculatus " form. Various degrees

of pigment deficiency are seen, but, when marked, the whole
mosquito may be a light fawn colour, with only sometimes
the faintest indication of markings. This condition appears
to be much more common in^. vagus than in any other species,

but marked " immacukUus " examples have been seen in the
case of A. subpictus, A. stephensi, and A. pallidum.

Distribution.—A. vagus has a wide distribution in the

Oriental Region, being reported from New Guinea ; Moluccas
(Ceram, Amboina) ; Celebes (with Boeton and Moena)

;

Philippines ; Formosa (with the Pescadores) ; S. China ;

Borneo ; Lesser Sunda Islands (Lombok, Soembawa,
Flores, Alor, Kisser, Soemba, Timor) ; Sumatra (with Poeleh
Weh, Poeleh Radja, Simaloer, and Mas) ; Java ; Tonkin ;

Annam ; Cochin China ; Malay Peninsula ; Siam ;

Burma, India, and Ceylon.
In China it is recorded only from Hong Kong. The

Formosan form is considered by King, from Yamad!a's des-

cription, to be nearer var. indefinitus than vagus. In the
Phihppines it occurs as the variety limosus.

In the Indian area A. vagus has been recorded from numerous
localities throughout East and South India, Burma, the

* Ego : Strickland 1915, p. 321 (rossi) ; Christ, and Barraud 1931
p. 175.
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Andamans and Ceylon. It does not extend into the north-

western part of the Peninsula, i. e., beyond a line crossing

India from the Gulf of Cambay to Nepal.

Bionomics.—A. vagus is found abundantly in houses,

cattle-sheds and similar situations. Lamborn, 1922, found
1() per cent, of females caught in nature fed. Brug and Walch
caught large numbers feeding on buffaloes, and Walch and
Sardjito obtained four positive precipitin reactions out of

nineteen tested for buffalo-blood, but none for human.
The breeding habits are very similar to those of A. subpictus,

the species breeding especially in pools, borrow-pits, drains, etc.

(Strickl., 1923 ; Ramsay) and notably in shallow rain-filled

puddles, hoof-marks etc., especially about villages [Christ.,

1912 ; Covell, 1927, Andamans ; Feegrade, 1927, Hsipaw).
It occurs also in grassy swamps and in numbers in fallow

and cidtivated rice-fields (Covell, 1927 ; Feegrade, 1927,

.Lashio ; Gater and Eajahmoney , 1929). It is recorded
from brackish water at Bombay (Ghalam, 1924.)

Relation to Disease.—A. vagus has been experimentally
infected with M.T. and B.T. parasites but its susceptibOity

is low. It has been found infected in nature, in the Dutch
East Indies, but very rarely (three out of 3,721 dissected).

28. Anopheles sundaicus Rodenwaldt*. (Fig. 40.)

Roiieawtildt, Meiled. Volks. Ned. IndiP, 1926, D. 1 (foreign ed.),

p. 87 (Myzomyia ludlowi var. xundaica). TypE-LOC. : Sunda
Islands. Type : unknown.

{!) flavescenti, Swelleng, Anop. v. Nod. Oost-lndie, Kolon.
Inst., Amstordam, Meded. xv, p. 47, 1921 (Myzomyia ludlowi
var. fiavescens). Type-loc. : Soerabaia, Java. TyPj; : un-
known. Syn. by Christophers, Ind. Med. Kes. Mom. no. 3,

p. 60. See also King, Fhil. Joum. Sei. xlvii, p. 322, J 932.

httllow i, of many authors (nee Theobald).

The name flavescens, used by Swellengrobel for a hypomelanic form
of what he believed to be A. Itidlowi, if really shown to be this species,

would antedate the name here used. Meanwhile it seems simplest
to retain it as a doubtful synonym of A. sundaicus.

A. sundaicus is the A. ludlowi of the majority of writers. True
A. ludlowi, Bo far, is known to ocour in the Philippines and Formosa
{hatorii). A. vmqus as described by Schufiner and Swellengrebel,

1917, p. 17, is this species.

* Systematic : James and Listen 1911, p. 101 ; Swell. 1916, p. 48
;

1921a, p. 44; Strickland 1915 o, p. 321 ; Christ. 1924 c, pp. 59, 98;
Yamada 1925, p. 459; Rodenw. 1926 o, p. 80; King 1932, p. 316.

See also Stanton 1912 6, p. 6 ; 1915 6, p. 254 ; 1926, p. 83 ; Roper
1914. p. 145 ; Christ. 1916 a, p. 470 ; Swell. 1917 h, p. 42 ; 1922, p. 120

;

Swell, and Swell. 1920 6, p. 89; Mangk. 1919, p. 60; Rodenw. 1921,

p. 152 (pilotaxy) ; Ter Poorten 1924, p. 10 ; Stookes 1929, p. 108 ;

Urbino 1930, p. 623. See also references on pp. 246-8 (footnotes).
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For a recent revision of ludlowi-like forms, see King, Phil. Journ.
Sci. xlvii, p. 305, 1932. Two of these, A. ludlomi Theo. (frcali water)

and A. litoralis King (salt water), occui- in the Philippines, in addition

to the somewhat similar A. parangcnsis Ludlow. The A. hidlowi

of tlie Dutch East Indies, Malay, and India is distinct from either

of those, and has been treated as a distinct species by King (loc. cil.).

This seems to be justified, as the leaflets of the phallosome in A. ludlowi

and A. sundaicus are quite distinctly different.

Adult.—In general characters and ornamentation closely

approaches A. subpictus, except that the legs are " speckled."

Its general coloration is also somewhat darker than in

A. siibpictus or A. vagus, and the lateral areas of the thorax
more contrastingly dark as compared with the median area

than in these species.

Dark subapical area on $ palp about same length or a httle

shorter than apical pale area. Proboscis entirely dark.

Prehumeral dark accessory spot continuous from extreme
base of costa to humeral cv or nearly so, without pale scales

anteriorly as described for A. vagus ; middle dark costal spot
almost always with a dark spot on vein 1 internal to accessory

sector pale spot
;

preapical dark spot longer than pale areas,

especially subcostal pale spot ; an extra fringe-spot between
5.2 and 6 only very occasionally present. Specimens from
the Andamans usually show the dark spot on 5.2 external
to the cross-vein only about -^^y of the length of the branch.
Similarly specimens from Bengal may show this area short
or sometimes up to about twice this length. As pointed
out by King, A . sundaicus has the stem of the anterior forked
cell relatively very short, distinctly less than the length
of the cell.

Femora, tibiae, and first tarsal segments spotted and banded
with irregular areas of yellow scaUng, producing the effect

of yellow spots along the segments or narrow dark flecks

and bands depending on the relative extents of dark and pale
areas. Remaining tarsal segments without yellow spots
except at the joints, these as in A. subpictus, i. e., broadly
banded apicalJy and basally except at last joint on fore legs,

somewhat more narrowly so on mid-legs, and mainly apicaUy
banded on hind legs.

Scaling very similar to A. subpictus, but usually few or no
broadish scales on fossae of mesonotum. There may be rather
prominent black scales on seventh segment ventrally.

Pharynx *
: very similar to A. subpictus (see figures).

Hypopygium f : in the main as in .4. avbpiaus, but the
leaflets of the phaUosome are short and fusiform, without
obvious serrations towards the base. The harpago is similar

• Phabynx t besides Sist'On and Covell, and Barraud and Covell,
see Manalang 1929, p. 433 (Philippine forms).

t HTOPOTTroTOM : ChriBt. 1915, p. 393 ; Swell. 1921 a, p. 47 ; King
1932, p. 320.
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but the apical hair at most 1| times the length of the club
as against twice in A. svbpictus.

Pupa .—Undescribed

.

Labva *.—Closely resembles A. subpictus in almost every
particular. Ghosh, 1932, has recently called attention to the

A. aundaicus.

1. Wing of $, standard scale. 2. 3 and 2 palp, same scale.

8. Front leg. 4. Pharyngeal teeth : (o) lateral view of cone

;

(6) same of rod. 5. Apex of harpago. 6. Leaflets of phallosoine

of one side, standard scale.

* Labva : Stanton 1912 6, p. 6 ; Striokl. 1916 a, p. 321 ; Hangk.
1919, p. 60; SweU. and SweU. 1919 o, p. 36; 1920 6, p. 87;
Lambom 1921, p. 93 (tail-hooks) ; Walch and Soesilo 1929. p. 463
(peoten) ; Purl 1928 b, p. 624 ; 1931, p. 139 ; King 1932, p. 316

;

Ohoah 1932, p. 1086.
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head-pattern and the method of branching of hair no. 5
(Puri) on the mesothorax. In A. subpidus the three dark
spots lying behind the frontal hairs are entirely distinct,

but in A. sundaicus they are joined up into a transverse

band by a cloud ; a similar appearance is, however, seen

in salt-water A . subpictus . Hair no . 5 in ^ . sundaicus normally
has 3 branches on either side, rarely 3 on one side and 2

on the other, or sometimes 4 and 3 branches, and the branches
arise towards the base of the hair ; in ^. subpictus it normally
has 2 branches on either side, only rarely 3 and 2, and very
rarely indeed 3 on either side, and the branches arise anywhere
along the length of the hair, in the two exceptional cases

noted the third branch arising towards the apex.
Egg *.—Somewhat resembles that of A. vagus, but the

frill, thcrugh continued over the floats, is transparent and
without striations in this portion of its extent. The upper
surface is ornamented with punctaj only around the margins.
The floats have about 20 ridges, as against about 25 in A. vagus
and nearly 40 in A. subpictus ; they are also somewhat
narrower.
Identification.—The tliree forms A. ludlowi, A. litoralis,

and A. sundaicus are given by King as distinct species

(see table of differences given in this section) . So far as known,
only the form sundaicus occurs in the Indian area.

A. stephensi has a superficial resemblance to sundaicus,

but is at once distinguished by the two broad palpal bands
and the broad scaling of the mesothorax.
No difficulty normally exists in distinguishing A . sundaicus

from A. subpictus or vagus in the case of unrubbed specimens
where the speckMng is not obscured or a false effect of speckling

caused by irregular rubbing off of scales in the two latter

species. The most useful subsidiary methods of identification

in such circumstances are the longer preapical dark spot,

the shorter petiole of the anterior forked cell, the absence
of broad scales on the fossae, and in the case of the male
the very characteristic difference in the leaflets, which can
be seen, even without special preparation, to be noticeably
much shorter in A. sundaicus.

The following characters (taken from King's work) give
the chief points of distinction between the various speckled-
legged ludlowi-^ke forms, none of which, however, except
A. sundaicus, have been recorded in or near the Indian area :

—

1. Sixth vein with three dark spots; an extra
fringe-spot between 5.1 and 5.2 ; male
genitalia very peculiar parangensis.

Sixth vein with two dark spots ; no fringe

-

spot between 5.1 and 5.2 ; genitalia of

mipictue type 2.

* Ego: Striokl. 1915a, p. 321 ; Christ, and Barr. 1931 p. 173.
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2. Costal accessory spot commonly bridged ;

prohumcral basal accessory costal spot with
wliite scales a itorioi'ly ; main costal spot
with two dark aieas on vein 1 ; fossae with
scattered broad scales : foro legs yellow-
scaled beneath ; leaflets of phallosome short,

bladedike, fnsifonn lUoralis.

Costal ai-cessory spotnot bridged ; prohumeral
ba>sal accessory cosital spot wiiiiout palo
scales anteriorly ; fos8;e without broad
scales ; fore legs dark or largely dark
beneath 3.

3. Main costal spot- with three; dai-k areas in

vein 1 ; fringe-spot between J) and G com-
monly present ; petiole of anterior' forked
cell not markedly shorter than cell ; tarsus
of mid-legs usually without basal palo
banding ; mafn leaflet of phallosome long,

somewhat S-shapcd, with some marked
serrations lutllowi.

JMaiJi costal spot with two dark areas on
vein 1 ; fringe-spot between 5 and 6

unusunl
;

petiole of anterior forked coll

markedly shorter than cell ; tarsus of mid-
legs usually with basal banding ; leaflets

of phallosome short, blade-like, fusiform,
without obvious serrations sundaicus.

DiSTBiBUTioj< .•

—

A. sundaicus is distributed throtigh the

coastal regions of a large pai-t of the Oriental Region, being
recorded from Moluccas (?) (Ceram, Amboina, Teinate)

;

Celebes (?) (with Boeton) ; Lesser Sdnda Islands (Flores,

Soembawa, Pantar, Alor, Wetar, Roma, Timor) ; Java
(with Edam and N. Kambangan) ; Sumatra (with Poeleh
Weh, Riouw, Linga, Biliton, Simaloer, Sabang, Mas, and
Engano Islands) ; Anamba Islands ; Borneo ; Malay
Peninsula ; Siam ; India, Burma, and Andamans.

A. ludlowi {sundaicus) is given as recorded from S. China
by Brug, 192(5, yet I have been unable to trace any other

record. It does not seem to have been recorded (in any
form) from any part of French Indo-China. A. hatorii

Koidzumi from Formosa is considered by King to be most
probably A. ludlowi (type) and A. sundaicus presumably
does not occur in Formosa or the Philippines. Walch and
Soesilo, 1929, p. 184, state that the island of Laboean Marege
is the northern Umit, and that A. ImUowi (sundaicus) has not
been correctly recorded up to date from Celebes. The same
probably applies to records from the Moluccas, where ^. faran-
gensis has very probably been mistaken for this species.

A. sundaicus is for the most part recorded only from coastal

localities, but it occurs inland in certain areas in Sumatra
(Padang, Tapanoeli, Lake Toba).

In the Indian area A. sundaicus is recorded with certainty

only from the Sundarbans (deltaic area of Ganges and
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Brahmaputra), the Andaman Islands, and Lower Burma.
A. ludlowi is recorded by James, 1914, p. 263, in his list

of Colombo mosquitoes, but it has not been recorded since,

and is thought not to occur by Carter.

BlONOMiCs.^

—

A. sundaicus is found abundantly in houses,

cow-sheds and such hke situations, and is recorded as being

taken gorged with human blood in sleeping rooms and nets

{Christ., 1912 ; Schiijfner, Swell et al., 1919 ; Barnes, 1923
;

Stookes, 1929 ; Covell, 1927, Andamans, and others). Out
of 51 specimens Walch and Sardjito obtained a precipitin

reaction with both human and buffalo blood, 25 caught

in houses giving 16 human and 9 buffalo, and 26 caught in

stables giving 3 human and 23 buffalo.

Apart from its special predilection for human blood, the

outstanding features of its bionomics are its close association

with coastal conditions and its preference for breeding in

brackish water. The species breeds pre-eminently in salt

swamps, collections of brackish water behind coastal bunds,

and suchhke situations {Lalor, 1912 ; Christ., 1912 ; Covell,

1927, Andamans ; Iyengar, 1931). In the Dutch East
Indies it is especially associated with the numerous fish-ponds

on the coast. It is usually found associated with vegetable

and algal growth, especially the alga Enteromorpha, which
forms a felt-work on the surface of the water in the Javanese
fish-ponds (vide Breemen, 1919, 1920 ; Waich and Schuurman,

1929). It Was found breeding by Covell in clear-water pools

without vegetation on the coral beach. It is recorded

as frequently breeding in polluted water (Lalor, 1912 b ;

Bodenw. and Essed, 1925). According to Rodenwaldt and
Eased it thrives best in 1-2 to 1-8 per cent, salt, but unless

the water contains more than 3 per cent, salt it is indifferent

to sahnity ; it disappears when the salt reaches 4 per cent.

Christophers, in the Andamans, and also Iyengar, 1931,

in Bengal, found the usual salt-content of breeding places

about 04 per cent.

The species is a strong flier, and may cover up to 5 kilo-

metres mstance from its breeding places (vide Breemen, 1919).

Relation to Disease.—A. sundaicus has been infected

experimentally with all three species of malaria parasites,

and has transmitted M.T. malaria experimentally. It has

been frequently found infected in nature and associated

•with the active transmission of malaria. It is one of the most
effective carriers of the disease known.
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Group Pahamyzomyia.

Puri, Ind. Mod. Res. Mem. no. ai, p. 62, 1931 (Group 6).

Christophers and Barraud, Keo. Mai. Surv. ii, p. 168, 1931 (Para-

myzomyia).

Edwards, Gen. Insect. Fasc. 194, p. 48, 1932 (Group D, A. turkhudi

group).

Type-species, A. turkhudi Listen *.

Pharyngeal armature with two rows of teeth differentiated

as cones and rods, tlie cones with short roots ; crest of

pediment with a single row of spines, not appearing bilurcate

in posterior view
;
pediment in anterior view bulbous, with

narrowed neck, and lateral teeth inconspicuous. Lateral

flanges well develox)ed.

Propleural hairs of adult present, usually several.

Palpi of $ with apical segment long ; apex dark, or last

segment with a dark area and not included in pale apical

band f- Ornamentation otherwise much as in group Myzo-
myia.
Pupa : spine well developed on segs. III-VII or even

II-VII ; hair C simple on seg. IV.

Larva : posterior clypeal hairs usually very long ; cone-

shaped appendage on maxillary palp in some cases at least

bifid. Pleural hairs varied, those of A. turkhudi and A. his-

paniola peculiar, those of A . multicolor as in group Neocellia.

The following gives the characters of the pleural hairs so

far as known :

—
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Species occurring in the Indian Area.

The species at present included in the group are chiefly

North i\frican and Mediterranean, and the Indian members
of the group clearly belong to this fauna. The following

are recorded from the Indian area :

—

A. turkhudi Liston. A. multicolor Cambouliu.

29. Anopheles turkhudi Liston, 1901 *. (Fig. 41.)

Listen, Jnd. Mod. Gaz. xxxvi, p. 441, l)oc. 1901 (A. turkhudi).

TypE-Loc. : EUichpur, Bt^rais, India. Type : 5! in Brit. Mus.

Synonym :

persicus Edwards, 1921, Bull. Ent. Bos. xii, p. 280 {A. turkhttdi

var. persicus). Type-loc. : East I'ersia {Major J. A. Sinton).

Type : (J in Brit. Mus. Syn. by Edw., liiv. di Mai. v, p. 284,

1926, and Gon. Insect, p. 55, 1932.

Recognized Vabiety :

azriki Patton, 1905, Journ. Bomb. Kat. H. Soo. xvi, p. 632
(A. {Myzomyia) azriki). Type-loc. : Azrika Spring, near
D'tliala, Aden Hinterland. Given as var. of A. turklitidi by
Christ., 1924 c, p. 54 ; soo also Christ, and Khazan Chand, 1915,

p. 190.

The d type of A. cuUcifacies Giles. Aug. 1901, is a specimen of

A. turkhudi (see note under A. cuUcifacies).

A. azriki Patton differs in no respect, as described by Patton, from
A. turkhudi except in the all dark fringe ; though still retained

as a variety, it is probably synonymous with A. turkhudi. A. flaviceps
Edw., Bull. Ent. Res. xii, p. 69, 1921, from the Anglo-Egyptian Sudan,
must bo very closely related and has pharyngeal characters closely

rosen)bling those of A. turkhudi. A. turkhudi var. persicus was
described from a damaged male, which is apparently a typical turkhudi,

with which was associated in error a female multicolor.

A. multicolor and A. hispaniola, with their synonyms, were incorrectly

sunk by Gough, 1914, p. 133, under A. tukhudi, and have been referred

to by some authors under this name ; the A. turkhudi of Bahr, Journ.
H.A.M.C. XX, p. 606, 1918, and Lancet, 10 Jan. 1920, p. 79, and of

Storey, Bull. Soc. Entom. Egypt, 1918, no. 4, p. 93, are A. multicolor.

Adult $.—Size large (length of wing 3-3-4-6 mm.).
Head : scales of usual type, with a small pale vertical spot

;

vertical chsetse dark or parti-coloured, forming a single line

of about five hairs ; ocular scales narrow, numerous.
Anlennm : torus devoid of scales

;
pale scales present on

first flagellar segment. Palpi long and thin, cylindrical

and smooth to base ; apical segment long, about J of the

long preceding segment, index 0-37
; apical segment dark,

except for its basal portion, with rather conspicuous stout

* Systematic : Liston 1901, p. 441 ; James and Liston, 1904,

p. 115 ; 1911, p. 78 ; Christ, and K. C. 1915, p. 190 ; Langeron 1921,

p. 371 ; Christ. 1924 c, pp. 53, S3 ; 1929, p. 521. See also James
1902, p. 9 ; Theo. 1903, p. 379 ; 1903, p. 48 ; 1907, p. 52 ; 1910 o,

p. 26; Christ. 1916, p. 483; 1930, p. 192. See also references on
pp. 255-6 (footnotes).
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black chsetse at tip ; dark apical area usually somewhat
longer, but sometimes about equal to, or double, the pale

band over joint 4-5
; further pale bands at 3-4 and 2-3.

Fig. 41.

A. turkhudi.

1. Wing of 9, standard scale. 2. J and $ palp, same scale.

3. Vertex. 4. Pharyngeal teeth : (o) anterior view of cone;

(6) lateral view of same ; (c) rod and two crests in posterior view.
5. Apex of harpago. 6. Leaflets of phallosomo of one side,

standard scale. 7. Head of larva. 8. Basal tubercles of pleural
hairs of larva ; a-c, pro-, meso- and metathoraoic. 9. Palmate'
hair of abd. seg. IV. (7-9 after Puri.)



254 ANOPHELINI.

Pharynx : cones and rods each numbering about 20

;

former with short roots ; filament broad at base, merging
into anterior portion of pediment, long, tapering, with spicular

processes along edges and rising from convexity, the ter-

mination pointed ;
pediment bulbous, constricted at neck,

without obvious lateral teeth, but with some narrow, sharp,

post-filament spines and an anterior spine ; crest with

a single row of spines, its posterior portion narrow, pointed

in optical section. Rods somewhat shorter than cones,

with conically expanded bases, portion swollen, ending

rather abruptly in fine, terminal, simple filament. Lateral

flanges well developed. Posterior pair of dorsal papillae

sometimes about equally distant to the others.

Thorax with chaetae only on apn ; propleural hairs about 4.

Mesonotum rather uniformly coloured, without conspicuous

contrast between lateral and median areas ; the median
area covered with small, curved, light-coloured hairs, or some-
times rather broader false scales, narrow pale scales present

in median area of promontory and extending backwards
a variable distance ; fossae and lateral areas with chaetae

only except over root of wings, where there are some small

curved hairs. Pleurae pale ochraceous, often greenish, devoid

of scales ; spiracular hairs 2 ; prealar 9 ; upper mesepimeral
numerous (21).

Wing as in fig. 41, 1 ; base of costa mainly dark, with a pale

interruption just external to humeral and a further, usually

broader, interruption internal to inner costal spot, vein 1

in this area more or less dark, dark area usually more or less

opposite line of dark scales on costa between interruptions

rather than opposite inner pale interruption, as in ^. culici-

facies ; amount of dark scaling somewhat variable. Middle
dark costal spot with a marked ace. sector on vein 1

;
pale

interruptions in apical portion of costa rather wide, as extensive

as the dark, or nearly so. Not infrequently there may be

a pale interruption on 2.1 and sometimes one on 4.1. Vein 3
is most usually Ught scaled in greater part of its extent,

but is often all dark. The apical pale area usually extends

just beyond 2.1, the fringe then being dark to the pale spot

at 4.2, but often showing some indication of spots at 2.2

and 3, the border scales, however, usually dark in these

situations ; border scales dark to about half-way between
junction of vein 6 and base of wing, when they cease. Scaling

of wing narrow ; max; str. 7-8.

Legs with front femora not swollen. Femora uniformly

darkish, with little or no paling beneath or at articidation

with trochanters, the apices indistinctly, if at all, pale ; tibise

similarly dark, but with distinct pale scales amounting to

a, narrow band at apices ; the first tarsus, and often some
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of the other joints, just picked out by apical taches scarcely

amounting to bands. Coxae pale, devoid of scales.

Abdomen lightish or mottled, clothed with light hairs

;

entirely devoid of scales even on cerci.

Adult ^.—In general as in $. Palpi ornamented as in

fig. 41, 2, club mainly dark, extreme apex more or less pale,

but usually with dark chseta; ; a pale area extending some
distance down stem and a broad pale area at pseudo-joint

involving about apical ^ of seg. 2 ; marginal hairs forming
about a double row on sides of seg. 4. Abdomen entirely

devoid of scales, even on the coxites.

Hypopygium *
: parabasal spines rather slender. Harpago

with apical spine about same length or somewhat longer than
club, a smaller spine, about half its length, between apical

spine and club. Phallosome somewhat less than half length

of coxite, with about 5-7 leaflets on each side, longest between
half and -| length of phallosome ; larger leaflets narrow,
pointed, rather finely serrated on flatter edge. Ninth tergite

with angular dorso-latoral expansions.

Pupa f.

—

-Paddle : external border with spines on posterior

half large, coarse, bhmt, resembling somewhat teeth of a saw,,

these extending a little beyond corner on posterior border

and without hairs continued towards the paddle-hair
;
paddle-

hair long, strong, hooked ; ace. hair simple.

Spine : (VIII) about half length segment ; the core flattened,

ace. hair simple, expanded. (II-VII), spine half to | length

of segment.
Hair B : (III-VII) 3-4 br., about as long as segment.
Hair C : (IV-VII) simple, somewhat longer than segment

or about same length. (Ill) 2-3 br., about as long as

segment.
Larva J.

—

Clypeal hairs simple ; ic long, slender ; oc

about half length of inner
;
pc very long, a little longer than

inner, usually lying external to outer and extending well

beyond end of fronto-clypeus. Frontal hairs with only
2-6 br., arising near base, the distal ends hardly reaching bases

of posterior clypeal. Subantennal hair with only 3-6 rather

stout branches on each side. Antenna with hair arising

about ^ from base ; cone nearly twice as long as finger
;

terminal hair stout, simple. Mandible and moidh-brusk
pecuUar (see Puri and Iyengar). Maxilla with the cone

with conspicuous bifid tip. Prementum produced into 5-6
strong teeth, the median process with 3 teeth also present,

* HyPOPYQiUM : Christ. 1915, p. 190 ; Martini 1930, p. 192.

t PxiPA : Senevet 1931, p. 19.

X Larva: James 1902, p. 49; Steph. and Christ. 1902 6, p. 11 ;

Theo. 1903, p. 49 ; James and Listen 1904, p. 116 ; 1911, p. 80 ;

Iyengar 1930 6, p. 1189 ; Puri 1928 6, p. 525 ; 1931, p. 169.
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as in other larvae. Mentum with 4 teeth on either side of

median tooth, about equal and equidistant ; sometimes
an extra small tooth at end of row.

Shoulder hairs : inner and middle arising from separate,

slightly chitinised basal tubercles ; both hairs about same
size, feathered. Metaihoracic hair no. 1 resembles ordinary

hair, very short, 2-4 br. Pleural hairs as given under group
;

the chitinous tubercles very large, larger than those of any
other Indian species ; a well-marked spur on all the

segments.

Palmate hairs developed only on IV-VII ; leaflets small
;

filament short, about \ length of blade ; serrations at shoulder

absent or very poorly developed. Lateral hairs on IV-VI
feathered, though not so stout as those on I-III ; that on
VI with only 5-6 br. ; on VII very short, with 3-5 br. Tergal

plates rather small, without paired oval plates, spc well

developed ; anterior portion of mps fairly broad, but not

touching chitinisation. Pecten with 3-5 long and 4-7 short

processes, some of the latter very short, the serrations fine,

inconspicuous, ps hair 3-5 br. Caudal hooks 5-6, well

defined. Ventral surface devoid of minute seta> except for

patch on either side of anal opening.

Egg *.—Smooth, without floats or other structures, other

than a small oval patch on one surface towards larger end
suggesting a vestigial upper surface and frill : a scalloped

fine around larger end of egg. Closely resembhng a Culex egg.

Identification.—A. multicolor is the only other Indian
species having a dark apex to the palpi in the female. It is

distinguished from A. turkhudi by the broad scahng covering

the mesonotum, more vivid wing-markings and broader scales

on some of the veins, and three clearly-defined dark spots

on vein 6. In the case of the male, the presence or absence

of leaflets at once differentiates the two species.

Besides the character of the female palpi, A. turkhudi

is distinguished from A. culicifacies by the following :

—

Base of vein 4 pale ; border scales not extending to base

of wing ; fringe-spots present at all veins but 6 ; apical

banding of tibiae more marked ; tarsi usually showing some
light points at joints. Further, the dark area on vein I

in the basal area if, present, is placed opposite the dark area

on the costa, nc^ opposite the pale gap as in .4. culicifacies.

The male turkhudi is distinguished at once by the extensive

pale area on the shaft of the palp, and commonly the palp
has bla«k, not pale, chsetae at the tip.

• Egg : James 1902, p. 49 ; Steph. and Christ. 1902 6, p. 11 ; Theo.
1903, p. 49; James and Liston 1904, p. 116; 1911, p. 80; Gill 1912,

p. 3 ; Edw. 1921 b, p. 268 ; Christ, and Barraud 1931, p. 184.
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The male is distinguished from fluviatilis by the presence

of interruptions at the base of the costa and the extensive

pale area on the shaft of the palp as referred to above.
DisTBiBUTioN.—Recorded outside the Indian area only

from East Persia and S.W. Ababia (Aden Hinterland). In
India recorded from many localities in the north-west and the
central and western portions of the Peninsula, including

Giijarat and the Madras Deccan. It has not been recorded
from United Provinces east, Bihar and Orissa, or any area

east of this, nor south of Mysore,
Bionomics.—Adults are caught, where the species is pre-

valent in houses, e. g., in villages in the Kasauli area (see also

Gill, lfil2).

It is found breeding especially in pools, or shallow seepages,

with much algal growtli in sandy river-beds, nullahs, etc.,

also in pools in the bed of hill-streams {Christ., 1911 ; Gill,

1912 ; Kenrick, 1914).

It occurs in the plains but is not uncommonly found at some
elevation ; has been found breeding near Kasauli at 4,000-
5,000 feet {Christ., 1911), and adults have been captured at

0,000 feet at Kasauli {Gill, Acton, and Christ., 1911) and at

Murree at 7,000 feet {Gill, 1912).

Relation to Disease.—A. turkhvdi has been experi-

mentally infected with M.T. malaria to the zygote stage

{Steph. and Christ., 1902) ; no dissections of the species in

nature are recorded.

30. Anopheles multicolor Cambouliu, 1902 *. (Fig. 42.)

Cambouliu, C. R. Acad. Sci. cxxxv, p. 704, 1902 {A. multicolor, a).

Type-loc. : Suez, Egypt. Type : ^ described ; location
unknown.

impunctus Donitz, 1902, Zeit. f, Hyg. xli, p. 67 (A. impunctwi).
Typb-loo. : Wadi-Natrun, near Alexandria, Egypt. Typk :

described from a balsam specimen. Syn. by Edw., Bull. Ent.
Res. xii, p. 280, 1921. impunctata of Blanchard, 1905, p. 622.

cliaudoyei Thoo., 1903, Mono. Cul. iii, p. 68 (Pyretophorus chaudoyei).
Type-loc. : Touggourt, Algerian Sahara. Type : described
from a series of $$ ; type $ in Brit. Mus. Syn. by Edw., loc. cit.

cleopatrcB Willcocks, 1910, Ann. Trop. Med. and Par. iii, p. 586
(Pyretophorus cleopatrce, name without description). Typk-
LOO. : Cairo, Egypt. Type : in L'pool Sch. Trop. Med.
(see Christ., 1924 c, p. 24). Syn. by Edw. loc. cit.

nigrifasciatus Theo., 1907, Mono. Cul. iv, p. 65 (Pyretophoru.i
nigrifaaciatus). Typb-loc. : Peshin, British Baluchistan, India.
Type : 9 in Brit. Mus.

In North Africa this species was long known as A. chaudoyei. In
N.W. India it was known as A. nittrifasdatus, though possibly not all

later references under that name relate to the species. A, nigrifasciatus
of Davys, Paludism, no. 5, p. 46, 1912, is A. superpictus, with the
extra dark band on the palps.

For references see next page.

DIPT.—^VOL. IV. S
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Adult $ *.—Size rather large (length of wing 3-6-4-7 mm.).
Head : scales of usual type, with a diffused pale vertical

area ; vertical chaetae dull yellowish, forming a row ending
anteriorly in a clump of about 10 short chsetas which form
a short frontal tuft ; ocular scales numerous, broadish.

Antennce : torus and first 3-4 flagellar segments carrying

some small pale scales. Palpi long, thinnish, smooth and
cyUndrical to base ; apical segment about \ of the long

preapical, index 0-24 ; this segment dark except basally,

with very conspicuous stout chsetae forming brush-like tuft

at apex ; dark apical area preceded by band over joint 4-5,

usually about the same extent as the dark apical area ; two
further pale bands at 3-4 and 2-3.

Pharynx -f: very similar to A. turkhiidi. Rods and cones

about 15-16 in each row ; crest with single Une of spines,

slightly differentiated from line of post-filament spines
;

filament broad as pediment at base, with a median anterior

spicule and lateral and terminal spicules in distal half

;

posterior view of crest narrow, papilliform. Rods as in

A. turkhvdi.

Thorax with ohsetse only on apn
;
propleural hairs two or

more. Mesonotum somewhat darker at sides ; median area

and fossae, as well as laterally over wing-roots, covered with
narrow but distinct creamy scales, somewhat broader on fossso

;

sfcr. about 7-8. Anterior promontory with a median tuft

and often some pale scales laterally. Pleurae with some
pale scales on sternopletira ; spiracular hau's 5

;
prealar

10, with some scales ; upper mesepimeral about 16.

Wings as in fig. 42, 1. Costa pale at extreme base and at

humeral cv, also usually a pale interruption at inner side

of inner costal dark spot ; vein 1 in this area with some dark
scaling ; middle dark costal spot with dark area on vein 1

considerably shorter at inner end than that on costa, or latter

also short when whole spot is short
;

pale areas on costa

in apical half as wide as, or wider than, the dark. Branches
of 2 with marked interruptions ; vein 3 mainly pale ; branches
of 4 with interruptions, and base of stem extensively pale

;

some of the dark spots on wing-field, e. g., at base of 4.2 and

* Systematic : Foley 1912, p. 49 (cfiaud.) ; Sergent and Foley 1914,

p. 419 {chaud.) ; Edw. 1912, p. 249 ; 1921 a, p. 280 ; 1926, p. 284

;

Langeron 1921, p. 371 ; Christ. 1924 c, pp. 54, 93 ; Seguy 1924, p. 15ft

(chaud.); Kirkp. 1926, p. 62 ; Edw. 1929 6, p. 87 ; Christ. 1929, p. 622.
See also Sergent, Ed. and Et., 1905, p. 6; Theo. 1903, pp. 64, 68;
1904, p. 68 ; 1907, p. 126 ; 1910, pp. 29, 38, 85 ; James and Liston
1911, p. 83; Gough 1914, p. 133; Christ. 1916 o, p. 483; Martini
1930, p. 177. See also pp. 260-1 (footnotes).

t IraABYNx: besides Sinton and Covell, and Barraud and Covell,
see Pun 1928 6, p. 527.
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stem 2, sometimes deficient, or branches of 4 and 5.1 may be
without pale areas ; vein 6 nearly always with three dark
spots, but sometimes with outer half continuously dark.
Apical pale spot extensively involving 2.1 ; fringe-spots

as shown ; border scales scattered after about 5. 1 and deficient

Fig. 42.

A. multicolor.

Wing of 9, atandard soale. 2. g and $ palp, standard scale.

2 a. Apical segment of $ palp. 8. Vertex. 4. Pharyngeal teeth :

(a) anterior, (p) lateral view of cone. 5. Thoracic scales. 6. Apex
of haipago. 7. PhalloBome. 8. Head of larva. S. Portion of
palmate hair of tngmmt IV. (S-9 after Pun.)

82
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for most of the distance internal to vein (>. Scaling of wing
narrow to moderately broad ; max. str. 8-9.

Legs with front femora not swollen in basal half. Femora
pale beneath throughout whole extent ; tibiaj somewhat
pale at base and with well-marked pale area at apices ; tarsi

not definitely banded, but sometimes with apical taches
;

last segment of hind tarsus often indefinitely pale.

Abdomen entirely devoid of scales even on cerci.

Adult ^.—In general as in $. Palpi with club mainly
dark ; apex dark or mainly so, some scattered dark chajtae

at tip, ornamented as shown, psendo-joint with a pale band
of moderate extent ; marginal hairs in rows of about two
deep on seg. 4. Abdomen devoid of scales except on coxites.

Hypopygium *
: parabasal spines rather slender. Harpago

with apical hair shorter than club ; usually with two small

hairs about \ length apical hair between this and club
and a similar hair internal to apical hair. Phallosome
distinctly less than half length of coxite, rather broad and
massive at base ; leaflets absent.

Pupa f.

—

Paddle : spines on posterior half of external

border long, thin, and sharp, abruptly replaced by hairs

a httlo longer than the spines, which are continued to the
paddle-hair

;
paddle-hair elongate, often twisted

; ace. hair

short, trifurcate.

Spines and chief hairs as in A. turkhudi, but hair C simple
also on seg. Ill, and on other segments somewhat longer

than in that species.

Laeva J.

—

Clypeal hairs simple ; ic moderately stout

;

oc about f length of inner
;
pc a little longer than, or about

equal to, ic, lying external to, and their distal ends reaching
far beyond, the bases of these. Frontal hairs normal. Sub-
antennal hair normal. Antenna with hair arising

-J
to half

length of antenna from base ; the cone about twice length
of finger ; terminal hair split about middle into 2-3 br.

Mandible with teeth of usual character. Maxillary palp with
cone very dark and bifid for ^ to half its length. Mentum
with four teeth on either side of median tooth, three about
equal and equidistant, the fourth a little smaller and further

back.

ShovMer hairs : inner without conspicuous tubercle,

shorter and with fewer branches than middle hair ; middle
hair with moderately developed tubercle. Metathoracic hair

* Hypopyoium : Edw. 1921 a, p. 280 ; Kirkp. 1925, p. 63 ; Senevet
and Prunelle 1928, p. 483.

t Pupa: Theodor 1925, p. 380; Kirkp. 1925, p. 65; Senevet
1930, p. 316.

t Labva : Foley 1912, p. 49 ; 1918, p. 549; Langeron 1918, p. 291 ;

1921, p. 371 ; Edw. 1921 a, p. 280 ; S^guy 1924, p. 158 ; Theodor
1925, p. 379 ; Edw. 1926, p. 284 ; Puri 1931, p. 174.
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no. 1 resembling ordinary hair, very sliort, and split into

2-3 br. Pleural hairs as given under group ; the general

arrangement as in group Neocellia.

Palmate hairs well developed on III-VII, less well developed
on II ; leaflets more or less uniformly pigmented, narrow

;

filament well differentiated, about f length of blade, rather

broad at base and sharply pointed distally ; shoulder well

marked, but serrations poorly developed. Lateral hairs

on IV-VI slender, with 2-3 br. ; on VII short, with 3 br.

Tergal plaies small, without paired oval plates, spc fairly

well developed ; anterior portion of mps very broad, its

borders nearly touching the chitinisation. Pecten with
seven long and seven short projections, finely serrated on
basal half, ps hair with 4-5 long br. Caudal hooks 6-7,

poorly defined ; ventral caudal with the longest hairs hooked
at ends. Anal papillae very short, reduced to stumps.
Egg *.—Upper surface broad, surrounded by well-developed

fringe at ends, but this deficient in middle region, where
floats are ordinarily present. Floats absent. Eggs, probably
due to absence of floats making lateral areas convex, tend
to form themselves in straight lines on the water.

Identification.—The following are points in which
A. multicolor differs from A. turkhudi and A. superpictus,

the species on the Indian hst most resembhng it in general

characters :

—

(a) In multicolor the fossae at the sides of the

mesonotum are covered with scattered broad scales, this area

being devoid of scales in turkhudi and superpictus
; (6) the

extreme base of the costa is light in multicolor, dark in turk-

hudi and superpictus
; (c) there is a well-marked patch of

scales on the upper part of the sternopleuron in multicolor,

few or no scales in the other two species
; (d) there is a dark

tuft of spines at the tip of the $ palpi in multicolor and
to a somewhat less extent in turkhudi ; the chsetse at the tip

are pale in superpictus, even when the extra dark band is

present on the palpi in this species.

In the case of the ^ the palpi are usually dark at the extreme
tip in multicolor, whilst in turkhudi the tip is usually distinctly

pale-scaled and in superpictus markedly so ; the chaetee are

dark in the first-mentioned species, pale in the latter.

In A. superpictus there is a spot towards the upper edge of the

club, instead of the transverse band across the organ as in

multicolor and turkhudi ; the stem is extensively pale in

turkhudi, not so in multicolor.

DiSTEiBtJTioN.—^A desert species with a distribution

ranging throughout the Sahara to Baluchistan. Recorded

* Ego : Foley 1912, p. 49 : Edw. 1921 6, pp. 268. 280 ; 1926, pp. ^61.
284 ; Langeron 1921, p. 374 ; S6guy 1924, p. 157 ; Christ, and Barraud
1931, p. 187.
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from NoBTH Afbica (South Oran, South Constantine, Central

Sahara, Tunis) ; Cyprus ; Anatolia ; EaYPT ; Palbstinb ;

East Persia ; Baluchistan.
In the Indian area recorded only from Baluchistan (Peshin,

Fort Sandeman) and the Persian frontier (Duzdap, Seistan).

The specimens previously recorded as this species from
Waziristan (Derajat area) are A. turkfmdi.

Bionomics.—A. multicolor in Egypt readily enters houses

and bites by night (Kirkpatrick)

.

It breeds in saline desert waters. Sergont, Ed. & Et., and
Foley state that it can live in water with up to 144-9 NaCl
per litre. It has been reared in 2 per cent, salt by Gough in

Egypt, and recorded from salt-pans in Palestien (Buxton) . Kirk-

patrick notes that it breeds most often in small pools, with
or without weeds, stagnant or flowing, and in disused shallow

wells ; it was never found in rice-fields. It occurred in water
of various sahnities from 0-1 per cent, upwards, the highest

percentage found being 6-96. CleopatrcB was found breeding

by Willcocks in 2*56 to 3-25 per cent. salt. The species

travels considerable distances on the wind and has been found
8 miles from the nearest possible breeding place (Kirkpatrick).

Relation to Disease.—The species has been infected

experimentally with M.T. parasites by Bahr (turkhvdi),

96 oocysts being found in the one specimen infected. Covell

notes that, though suspected on epidemiological grounds
to be a carrier, it does not seem to have been found infected

in nature. It is the recognized earner species of Saharan
oases, where it is often the only, or only abundant, anophehne
present {Foley and Yvematdt, Sergent, Ed.&Et., Foley, Parrot).

Group NeocKLUA.

Christophers, Ind. Med. Res. Mem. no. 3, p. 62, 1924.

NeoceUia Theobald, Mono. Cul. iv, pp. 23, 111, 1907. Types:
A. indica Theo., A. dudgeoni Theo., and A. intermedia Rothwell.

Type-species A. mactdaiua Theo.*

Pharyngeal armatiire with two rows of teeth, differentiated

as cones and rods, the cones without roots ; crest broad,
bifurcate, with two rows of spines separated by an interval,

giving the appearance, when looked down upon, of a molar

• In addition to the Indian species given below, the following belong
to this group :—(N. China) A. pattoni Christ. ; (Oriental) A. aohUffneri
Stanton; (Bthiopian) A, macvlipaXpia Giles, Ai pretorierma Theo.
Tho following species are noted by Pnri as having larval pleural hairs
of NeoceUia type :

—

A. multicolor Cambouliu, A. hrotuaesi Bdw.,
A. chriatyi Newst. & Carter, and A. parangensia Ludl. The phaiynx
in these latter, however, entirely lacks the characteristic armature
of NeoceUia, and all have propleural hairs.
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tooth with parallel rows of cusps
;

posterior view of cre^t

bifid.

Propleural hairs of adult entirely absent.

ftonotal lobes without a definite scale-tuft, a few scales

sometimes present ; mesonotum with a covering of broad
scales ; wing-ornamentation of the usual pattern, commonly
with brilliant contrast of dark and white, or nearly white,

scaling ; legs with tips of hind tarsi, in the great majority

of sjjecies, white for a variable number of segments, and the

tarsi of all the legs conspicuc usly banded with white ; femora

and tibisp commonly speckled ; abdomen commonly with
scales at least on the last segment or two, often with small

or more definite lateral scale-tufts on last few segments or more.

Pupa : spines on segs. V-VII well developed, that on
IV short and usually blunt ; hair C simple on segs. V-VII,
branched on IV.

Larva : inner clypcal hairs usually frayed or branched
;

outer simple or more commonly branched ; cone of maxilla

commonly bifid. The characters of the pleural hairs are

given
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31. Anopheles superpictus Grassi, 1899 *. (Fig. 43.)

Grassi, Atti R. Accad. Lincoi (5), viii, p. 560, 1899 {A. superpictus).

Type-loc. : Italy.

palegtinensis Theo., 1903, Mono. Cul. iii, p. 71 (Pyretophorus
palestinensis). Type-loc. : Ain-ed-delb, Sidon, Palestine.

Type : (J and $ typo in Brit. Mus. Syn. by Edw., Bull. Ent.
Res. xii, p. 278. 1921.

nursei Theo., 1907. Mono. Cul. i\-, p. 60 {Pyretophorus nursei).

Type-loo. : Quetta, India. Type : dospribed from a single $ ;

type in Brit. Mus. Syn., as palestinensis, by Edw., Jourii.

Asiatic Soc. ix, p. 48, 1913 ; as superpictus by Edw., loc. cit.

1921.
cardamatisi Newstead & Carter, 1910, Ann. Trop. Med. and Par.

iv, p. 379 {Pyretophorus cardamatisi). Type-loc. : Athens,
Greece. Type : (J and $ type in coll. L'pool Seh. Trop. Med.
Syn., as palestinensis, by EiJw., loc. cit. 1913 ; as siiperpictuAt

,

by Edw., loc. cit. 1921.

vassilievi Portchinsky, 1913 (?), rof. by Vaasiliof, vide Rev. App.
Entom. ser. B, i, p. 196 {A. superpictus var. vassilievi). Type-
loc. : Russian Turkestan. Syn. by Shingarew, Bull. Soc.

Path. Exot. xix, p. 896, 1926.
macedoniensis Cot & Hovasse, 1917, Bull. Soc. Path. Exot.

X, p. 890 {Pyretophoriis macedoniensis). Type-loc. : Salonica.
Syn. by Waterston, Bull. Ent. Ros. ix, p. 4, 1918, and Edw.,
loc. cit. 1921.

berestneuri Shingarew, 1926, Russ. Joum. Trop. Med. iv, no. 2,

p. 47, and Bull. Soc. Path. Exctt. xix, p. 899 {A. superpictus var.

berestnewi). Type-loc. : Turkestan.

This species was first shortly desc^ribed by Grassi as A. pictus Loew
(Atti R. Accad. Lincei, viii, p. 101. 1899), but the species so described
was later recognized as distinct and called A . superpictus (ibid. p. .'ifiO),

a full description following under this name in 1900 (Stud. d. uno
zool. 8. Malaria, ed. 1, p. 78).

Until the synonomy was determined by Edwards, it was very
generally known in the Mediterranean area as A. palestinensis and
in N.W. India as A. nursei. It has been correctly recorded only from
the extreme north-west of the Indian area.

Adult $.—Size medium to large (length of wing 3-4-7 mm.).
Head : scales of usual type, with a well-defined pale vertical

area ; vertical chsetse pale, forming a cluster anteriorly of
about 10 flattened chsetae, which form a weU-marked frontal

tuft ; ocular scales numerous. Antenna : torus devoid
of scales ; white scales present on first two or three flagellar

segments. Palpi long and thin, very smooth, cylindrical

almost to base ; apical segment about ^ of preapical,

which is extraordinarily long, almost as long as segment 3

* Systematic : Grassi 1901, p. 115 ; Newst. and Carter 1910, p. 379
(cardamU.) ; Edw. 1912, p. 249 ; 1913 6, p. 48 ; 1921 6, p. 278 ; 1926,
p. 281 J Christ. 1924 c, pp. 65, 95 ; Seguv 1924, p. 160 ; Kirkpatrick
1925, pp. 59, 174. See also Fioalbi 1899, p. 135 ; Giles 1900, p. 145 ^
Theo. p. 151 ; 1903, p. 71 ; 1907, p. 66 ; 1910 a, pp. 38, 39 ; Christ.
1916 a, p. 475; Martini 1930, p. 187. See also pp. 266-8 (footnotes).
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Fig. 43.

"iiiiffllHillllllriL

A. superpictus.

Wing of $, i standard scale. 2. ^ and $ palp, same scale

8. Vertex. 4. Pharyngeal armature, as frequently seen (see^

5 d). 5. Pharyngeal teeth ; (o) anterior, (6) lateral view of cone,
spines of one side only shown ; (c) view of crest from above,
filament at thick end projecting towards the observer ; {d) two
cones and a rod, former with crest showing somewhat foreshortened,
filament directed towards observer, rod also foreshortened

;

(e) posterior view of crest ; (/) rod, anterior view ; (g) rod, lateral

view. 6. Mesonotal scales. 7. Apex of harpago. 8. Leaflets

of phalloBome of one side, standard scale. 9. Clypeal haira
of larva (after Puri).
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in many cases, index 0-32-0-35 ; apical pale area involving

whole of apical segment, but very commonly there is an extra

dark band on this segment when the apical pale area becomes
of small extent and the palp four-banded ; chaetse at the tip

always pale ; the remaining bands over joints 3-4 and 2-3

rather broad.

Pharynx* : filament of cones broad at base, tapering,

pointed with coarse lateral spictiles ; crest double, the two
rows of spinels widening out at sides of filament to continue

into sharp, conspicuous lateral teeth, bifurcate in posterior

view. Rods with oval expanded base, tapering, pointed,

with 3 or 4 spicules arising posteriorly in series.

Thorax with chaetse only on apn. Mesonotum with fossa?

and lateral areas darker than median area ; median area

covered, except over bare spaces, with narrow pale scales,

str. about S-9, with a median scale-tuft and a few dark scales,

usually laterally on the promontory ; fossae devoid of scales
;

a line of scales at the sides on the lateral area in front of level

of root of whig. Pleurae devoid of obvious scales ; spiracnlar

hairs 1-3
; prealar 4 ; upper mesepimeral about 7.

Wing as in figure. Base of costa mainly dark, with a pale

interruption in region of humeral and one internal to inner

dark costal spot ; vein 1 in this area entirely pale. The pale

interruptions on outer half of costa about same length or

a little shorter than corresponding dark areas. Stem of 4
extensively pale towards base, 4.1 and 4.2 usually each with
an interruption, but often uninterruptedly dark, especially

4.2 ; 5.1 usually with a pale spot in outer portion, but
sometimes continuously dark in this region ; vein 6 usually

continuously dark in outer half. Apex of wing with the
apical pale costal spot extending beyond vein 3, but some-
times with an imperfectly developed dark fleck between 2.1

and 2.2. Border scales extending only to a short distance

basal to junction of vein 6. ScaUng of wing rather narrow,
the general effect of the wing-field being a thin and sparse

ornamentation ; max. str. 8-9.

Legs with front femur a little swollen at extreme base.

Femora somewhat pale beneath, otherwise dark ; tibiae daxk,
somewhat pale at base and with distinct pale area at apex,
forming moderately conspicuous knee-spots ; tarsi usually

without banding, but small indistinct taches sometimes
present at ends ofone or more segments, giving faint appearance
of banding. Coxae pale, devoid of conspicuous scales.

Abdomen entirely devoid of scales even on cerci.

• Phakykx : Sinton and Covell 1927, p. 305 ; Barr. and Covell
1928, p. 674 ; 1929, p. 101.
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Adult ^.—In general as in 9- Palpi with aptsx of club

pale and with pale apical chsetaj ; ornamented as shown
in figure ; marginal hairs forming about a double row on
seg. 4. Abdomen with some dark scales on coxite.

Hypopygiunt *
: harpago with apical hair somewhat longer

than club, a hair somewhat more than half the length of this

between it and the club (or there may be two hairs, one

of which may be near the club) and 3-4 largish hairs, somewhat
thinner and shorter than the last-mentioned hair, arising

among numerous small hairs from inner aspect of harpago.

Phallosome between J and half length of coxite ; leaflets about
six on each side ; largest considerably less than half length

of phallosome ; all leaflets delicate, lanceolate, with charac-

teristic serrations.

Pupa t-

—

Paddle : external border having posterior two-
thirds with hairs not amounting to spines ; ace. hair bifurcate

or branched.

Spine, : (VIII) about half length segment. (V-VII) sharp,

pointed, half length of segment. (IV) thick, short, blunt,

half length of preceding. (Ill) rudimentary. (II) absent.

Hair B : 2-4 br., about half length segments.

Hair C : (V-VII) simple, longer than segment. (IV)

bifurcate or trifurcate, |- segmeiit. C" (VI) simple.

Laeva {.

—

Clypml hairs : ic rather slender, with shght
lateral fraying seen under high magnification ; oc simple,

about half length inner
;
pc simple, a little longer than outer.

Antenna with hair arising about J length of antenna from base ;

terminal hair with 3 br. Maxillary palp with cone bifid

at extreme tip. Mentum with four teeth on either side of

median tooth, adequal, equidistant ; submentum with a row
of six teeth on either side of median double tooth.

Shoulder hairs : inner without conspicuous tubercle,

a little more than half length middle, feathered from near base

;

middle often split near base into two hairs, both pinnate.

Metathoracic hair no. 1 forming poorly-developed palmate
hair with . narrow leaflets, but not forming whorl. Pleural

hairs as given for the group ; dpi split about middle into

2-3 br. ; da and va devoid of branches on basal third.

Tubercles on 1 and 3 with pointed process, that on 2 with

process broadly rounded.

• Hypopyqium: Christ. 1915, p. 393 ; Kirkp. 1925, p. 61.

t Pupa: Buxton 1924, p. 311; Kirkp. 1925. p. 61; Stankovic
1926. p. 107 ; Senevet 1930, p. 319.

X Lauva : Joyeux 1918, p. 541 ; Edw. 1921 6, p. 279 ; Buxton
1923 6, p. 78; Grassi 1925, p. 689 ; Cuboni 1926, p. 49; Stankovic
1926, p. 106 ; Montsohadsky 1930, p. 551 (spir. app.) ; Puri 1928 6,

p. 523; 1931, p. 178.
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Palmate hairs well developed on II-VII ; hair no. 1 on I

like an ordinary hair ; leaflets in some larvse with variable

amount of pigmentation at distal ends, moderately broad,

filament about f length of l)lade, well differentiated, drawn
out and whip-like, never very broad at base, the serrations

at shoulder variable. Lateral hairs on IV-VI long, slender,

with 2-6 br. Tergal plates small, oval ; small paired plates

absent, spc moderately large ; mps rather broad, nearly

touching ohitinisation. Pecten with 4-5 long and about
10 short processes, ps hair with 4-5 br. Caudal hooks 6-7,

well defined. Anal papillw about as long as anal segment.

Egg *.—Upper sufface as broad as the egg, and middle
area only slightly, if at all, narrowed ; ornamented with

irregular reticulation. Lower surface unornamented. Floats

entirely absent. Frill very broad, nearly as broad as half

the width of the upper surface, continued all round the margin
of the upper surface and striated through its whole extent.

Identification.—In the female the unicolorous legs without

obvious tarsal banding, the narrow mesonotal scales, and
the pale-tipped palpi serve to distinguish A. superpictus

from all Indian forms except A . jeyporiensis and A . moghulensis,

the latter of which only occurs in the same areas as A. super-

pictus ; in the last case the definite, even if narrow, bands
on some at least of the tarsi and the darker wing should serve

to distinguish the species. From large specimens of A. fluvi-

atilis, where the thoracic scaling may be broader than usual,

the pale interruptions at the base of the costa and wider
pale interruptions in the apical half of the costa usually serve

to distinguish A. superpictus. In the male the mesothoracic

scaling, the absence of black cha'tae at the apex of the male
palpi, and the ornamentation of those organs are together

sufficient for identification (see also under A. multicolor).

A. form with an extra dark band on the last segment of

the palpi is fairly common, and has in India been sometimes
incorrectly taken as A. nigrifasciutus (A. multicolor). Var.

berestnewi from Tashkent is described as distinguished from
A. superpictus by its larger size( 5-6 mm.) and more marked
ornamentation, by the absence of pale interruptions at the
base of the costa, and by the apex of the wing being black.

It is, perhaps, incorrectly included as a synonym.
Distribution.—Widely distributed in S. Europe and

S.W. Asia. Recorded from Spain ; Italy ; Dalmatla.
;

Juqo-Slavia ; Albania ; Macedonia ; Greece ; Bulgasia ;

Theaoe ; Anatolia ; Cypbus ; CAUCAStrs and Teanscatjcastts ;

* Egg : Grassi 1925, p. 689 ; Theodor 1925, p. 377 ; Stankovio
1926, p. 105 ; Christ, and Barraud 1931, p. 176.
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CiLiciA ; Syria ; Palestine ; Sinai ; Upper Mesopotamia
;

TuEKOMEN Rep. (Transcaspia) ; Cossack Rep. (Tashkent)
;

Bokhara ; Persia ; N.W. India.

The occurrence of A. superpictus in N. Africa is somewhat
doubtful, and the few records appear to show that the species,

even if correctly recorded, is rare. Records from Tonkin

and Mashonaland are incorrect.

In the Indian area A. superpictus has so far been correctly

recorded only from Baluchistan and the N.W. Frontier

Province.

Bionomics.—In Macedonia, Palestine, and Upper Meso-

potamia A. superpictus is an important malaria-carrying

species. It is especially associated with hilly or mountainous
country and adjoining plains, and may occur up to a con-

siderable altitude (4,(K)0-5,(K)0 feet). Partially or com-
pletely hibernating females are found in the cold season, and
living larva? have been obtained imder or enclosed in ice

(Lacaze). It breeds espeeiaUy in pools in the beds of small

mountain or submontane streams and rivers and in con-

nection with irrigation. It is commonly found in flowing

water. In Italy (valley of the Po) it forms 7-1(1 j>er cent,

of the anophelines captured in rice-lields {Giardina et al.)

(For an account of the habits of the species, see Waterson,

1918, 1922 ; Wem/on, 1921 ; Buxton, 1924 ; Christ, and
Shwtt, 1921 ; Kirkpatrick, 1925 ; Siankovic, 1926 ; Kliglcr,

1924-1928.)

In the Indian area it occurs in and around the hilly and
mountainous country west of the Indus. It has been studied

at Quetta by Davys, 1912, where, next to A. cuUcifacies,

it is the commonest mosquito. Adults are found in native

houses, .servants' quarters, bungalows, and barracks. The
species feeds readily experimentally, and is found full of blood

under natural conditions. It breeds in open pools not under
shade and in irrigation channels, and can maintain itself

in water flowing with a central velocity up to 2-1 miles per
hour if the banks are weedy or have bays. The larvaj, when
disturbed, may remain at the bottom for as long as 8 minutes.

Females having the appearance of hibernating individuals

were found by Browse in a cow-shed in March. Davys
considers that it may pass the cold weather in the
egg-stage. Adults were found from May to November.
Larvae have been found up to a height of 7,0()0 feet (near

Quetta).

Relation to Disease.—A. superpictus has been experi-

mentally infected with B.T. and M.T. parasites in Macedonia
and Palestine, and also found infected in nature in these

countries and in Upper Mesopotamia.
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32. Anopheles moghulensis Christophers, 1924 *. (Fig. 44.)

Christophers, Ind. Jourii. Med. Res. xii, p. 296, 1924 {A. jeyporienms
var. moghulennin). Type-loc. : N.W. India and Deccan.
Type : described from nimierous examples in collection of

Malaria Survey ; typo (J and $, with paratypos. in Bri)t. Mus.
Given as a distinct species by Puri, Ind. Journ. Med. Res. xvi,

p. 514, 1928.

This is the A. jeyporiensis of Keiirick and other early writers in

connection with the Central Trovinoes and some other areas before
differentiation of the two species.

Adult.—Rather closely resembles A. jeyporiensis in

markings and general appearance, but differs in a number
of points. Palpi of $ with terminal segment about ^
length of preceding (index 0-34) ; dark area between apical

and preapical pale band usually noticeably long
;

preapical

pale band usually basal as well as apical. Propleurcd hair

absent ; mesonotal scaling usually broader and more profuse,

with line of wliite overlaj)ping scales on lateral areas in front

of wing-root. Wing with af rather short, the cell about
the same length as its petiole, bifurcation slightly or markedly
further from base of wing than that of pf (as in A. nili).

Basal costal area usually uninterruptedly dark ; middle
costal spot usually showing a well-marked ace. sector pale

spot, and another pale spfjt on vein 1 towards outer extremity.

Apex of wing usually extensively pale, apical pale area
extending without interruption to beyond junction of vein 3 ;

usually no fringe-spot at vein 6 ; border scales dark nearly
to base of wing. Legs with front femora shghtly swollen

in basal tliird ; ornamented as in A. jeyporiensis, but mid-
tarsi commonly unhanded. Scales present on cerci of $
and coxites in c^.

Pharynx f : filaments of cone broad at base, serrated,

tapering to point ; crest double, with widely separated rows
of spines, in posterior view markedly bifid. Rods with bulbous
base and rod-hke terminal portion ; simple, without branches
or spicules.

Hypopygium : harpago with apical hair somewhat longer

than club ; a smaller hair, less than half its length, between
this and club ; 2-3 hairs, somewhat shorter and thinner than
last-mentioned hair, internal to apical hair. PhaUosome
between half and J length of coxite ; leaflets 6-7 on each side ;

the largest about half length of phallosome, blade-like with
fine serrations ; the others blade-Uke or lanceolate, some
with serrations.

* SrsTEMATio : Christ. 1924 6, p. 285; 1924 c, pp. 52, 96; Puri
1928 a, p. 514 ; Martini 1930, p. 177. See also pp. 271-2 (footnotes).

t Phabykx : Barraud and Covell 1928, p. 674 ; 1929, p. 101.



OEOUP NEOCELLIA. 271

Pdta *.

—

Paddle : external border in posterior half with
fine spines, which change to hairs continued to paddle-hair

;

paddle-hair long, hooked, arising from a marked basal

tubercle ; ace. hair 4-5 br.

Fig. 44.

*iiii!i!iiiii.,iriiiii'K''S:iii'

A. moghidensia.

Wing of 9, standard scale. 2. 3 and 9 palp. same scale.

8. Pheuyngeal teeth : (o) anterior view of oone ; (6) lateral view
of same, dightly tilted ; (c) view of crest from above, filament

also shown ; (d) posterior view of crest ; (e) two rods and posterior

view of a crest. 4. Apex of harpago. 5. Leaflets of phallosome
of one side ; these appear narrow, curved rods as most ordinarily

seen. 6. Cljrpeal hairs of larva. 7. Leaflets of palmate hair.^

(6 and 7 after Puri.)

PtrPA : Senevet 1931, p. 26.
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Spine : (VIII) rather short, somewhat less than half length
segment. (V-VII) about half length segment. (IV) | length
preceding spine, blnnt.

Hair £ : (IV-VII) branched, half to | segment.
Hair C : (IV-VII) simple, somewhat longer than segment.

(II-III) very stout, branched. C (VI), simple.

Larva *.

—

Clypeal hairs : ie rather long and stout, but
drawn out distally into very fine point, finely frayed on middle
two-thirds, with minute hair-like branches ; oc stout, simple,

a little less than half length inner
;
pc simple. A ntenna usually

dark brown in distal half, or whole may be dark ; hair arising

about ^ length of antenna from base ; terminal hair split

about its middle into 3-5 long br. Mentum with four
teeth on either side of median tooth, equidistant and adequal.

Shoulder hairs : both hairs stout, feathered, arising from
separate conspicuous tubercles Meta.thoracic hair no. 1

forming well-developed palmate hair. Pleural hairs as given
under group : dpi with 4-5 br. Basal tubercle on 1 with
a sharp spine, the projection on 2 more or less rounded,
that on 3 bhmt, triangular.

Palmate hairs well developed on II-VII ; that on I an
ordinary branched hair, with 9-11 long filamentous branches.

Leaflets somewhat darker near distal ends ; filament well

difl'erentiated, narrow and pointed, about | length of blade.

Lateral hairs on IV-VI long and slender, splitting near base
into 3-5 br. ; that on VII very short, with 3-5 br. Tergal
plates very small, spc well marked ; mps very broad
anteriorly, nearly touching the chitinisation. Pecten with
4—5 long and 8-9 short processes, all finely serrated on basal

half, the ventralmost spine and that near the dorsal end
longer than the others, ps hair with 6-7 br. Caudal hooks
6-7, well defined ; some of the branches of the ventral caudal
hairs also with curved tips but very slender. Arud papillce

about as long as plate on anal segment.

Egg t.—Upper surface with an anterior and posterior

demarcated area, former about twice as long as, and con-

siderably broader than, latter, middle portion narrowed
by encroachment of floats, which nearly meet in middle line.

V^entral surface unornamented . Floats touching margin
of dorsal surface, occupying somewhat less than middle

f of egg-length and broad ; with about 17-20 float-ridges,

rather crested and waved ; float-terminations large, round.
Frill rather narrow, striated, ending in tags where it meets
floats.

* Labva : Puri 1928 a, p. 516 ; 1931, p. 182.

t Egg : Christ, and Barraud 1931, p. 176.
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Identification.—^From A. jeyporiensis the present species

is distinguished especially by the scahng of the mesonotum
being broader, and with a line of broad, overlapping scales

at the sides in front of wing-root (see also other points

giren under description). From A. superpictus it is dis-

tinguished by its darker colour and the distinctly banded
tarsi.

DiSTEiBTJTiON.—Unrecorded outside the Indian area except,

possibly, from Turkestan *.

In India the area of distribution is chiefly the central and
west Peninsula and N.W. India, extending into Baluchistan

and possibly beyond (Tvurkestan). It has been recorded
as far south on the west of the Peninsula as Malabar and
Coimbatore, and on the east from Vizagapatam and Bellary.

It appears to be especially prevalent in the western Central
Provinces, where it has been known by many authors as
A. jeyporiensis.

Bionomics.—Taken in coohe lines and outhouses by Kenrick,
1915, in the western Central Provinces (as A. jeyporiensis).

Breeds especially in small rocky pools in connection with
hill-streams, springs, and seepages {Puri, 1928, 1931) and,
according to Kenrick, in streams with shady banks and
stony or sandy bottoms. Has been taken by Browse in

Baluchistan breeding in streams at 6,000 feet and up to
3,500 feet in the Peninsular area.

Relation to Disease.—Nothing known.

33. Anopheles Stephens! liston, 1901 f- (^g- 45.)

Liston, Ind. Med. Gaz. xxxvi, p. 441, 1901 (A. atephenai). Type-
loo. : Ellichpur, Berars, Deccan, India. Type : ? described.

metaboliis Theo., 1902, Proo. Roy. Soc. Ixix, p. 374 (A. metaholes).

Typb-loc. : Lahore, Punjab, India. Type : described {rom
5 ?? ; type in Brit. Mus. Syn. by James and Liston, Anop.
Mosq. India, ed. 2, p. 113, 1911.

intermedia Rothwell, 1907, Entomologist, xl, p. 34 {Neocdlia
intermedia). Type-loc. : Deesa, Gujarat, India. Type : des-
cribed from 3 ?? and 1 (J ; type ? and (J in Brit. Mus. Syn.
by James and Liston, loc. cit. p. 116.

fol^Mi de Mello, 1918, Anais Soientificor da Fae. ai Med. do Pori»,
iv, no. 3 (A. folquei). _ Type-loc. : Pragana (Portuguese
possession), Gujarat, India. Type : type $ in Indian Mus.,
Calcutta. Syn. by Christ., Ind. Med. Res. Mem. no. 3, p. 63,
1.24.

* Martini 1930, p. 177.

t Systematic; Liston 1901, p. 441 ; James 1902, p. 45 ; Theo. 1902,

p. 374; 1903, p. 93 ; James and Liston 1904, p. 113 ; 1911, p. 113 ; Edw.
19215, p. 277; 1926, p. 280; Christ. 1924 c, pp. 63, 98 ; Martini 1930^
p. 186. See also p. 276 (footnotes).

DIPT.—VOL. IV. T
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Carter's statement (in Theo., Mono. Cul. v, p. 73, 1910) that the
female only is described by Rothwell is incorrect, as both sexes are
described in Rothwoll's original paper, though the female only is given
by Theobald, Mono. Cul. iv, p. 115, 1907.

Adult $.—Size medium (length of wing 2-5-4-0 mm.).
Head : scales of usual type, with a well-marked pale vertical

area ; vertical chaetae white, with a cluster of about nine

flattened chsetaj forming well-marked frontal tuft ; ocular

scales anteriorly forming about a single lino. Ardennoe

with small pale scales on torus ; white scales on first 2-4

flagellar segments. Palpi moderately thick, cylindrical,

smooth except towards base ; apical segment half length

or more of preceding segment (index 0-58) ; apical segment
all pale, forming, with apex of next segment, a broad pale

apical band ; a broad apical and basal pale band at 3-4, the

dark intervening area narrower than either band ; a narrow
pale band at 2-3 and some spots formed by patches of white
or pale scales on dorsum of segment 3, these, though some-
times absent, being very characteristic of the species.

Pharynx : filament of cones rather broad, flat, short,

with lateral spicules and fimbriated ends ; crest broad,

with double row of spines, bifid in posterior view ; rods
with swollen base, tapering to rod-like terminal portion,

simple.

Thorax usually with a few pale scales on apn. Mesonotum
brown, fossae and lateral areas a little darker than median
area ; median area thickly covered with pale narrow scales

(str. about 5-6), forming lateral tufts of white scales, with
dark scales beneath on promontory ; fossae with scattered

scales and a heavy Une of scales on lateral area in front of
wing-root, some scales with 8-9 str. Pleurae without obvious
scales ; spir. hairs 2-3 ; upper mesep. 5-6.

Wing as in fig. 45, 1, usually with prehumeral dark ace.

costal spot undivided with white scales anteriorly ; an inter-

ruption present or not at inner end of inner costal spot

;

marking on vein 1 in middle costal spot very variable, as shown
in figure, or with a small dark spot also at irmer end, or both
small dark spots absent ; dark spots on stem 2, 2.1, base 3,

and some others very variable in extent.

Legs with front femora only very slightly swollen in basal
portion ; femora and tibiae speckled as shown in figure,

hind femora and tibiae usually pale on inner aspect ; first

tarsal segment with some spots ; others dark, with apical

and basal bands on joints 1-2 and 2-3 on fore legs, narrower
apical banding on mid- and hind legs, the mid-tarsus often
mainly dark.

Abdomen •with narrow scales on tergites II-VIII, increasing
in extent towards posterior segments, which are rather
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heavily covered with narrow oblanceolate scales mixed with
pale hairs, VIII with dark scales at lateral posterior angles

;

«ome dark scales apically in mid-line on venter of VII ; cerci

with dark scales.

Fig. 45.

A. stephtnsi.

Wing of 9, $ standard scale. 2. <? and $ palp, same scale.

3. Vertex. 4. Legs : (a) front leg ; (6) hind tarsus. 5. Pharyn-
geal teeth : (a) anterior view of cone ; (6) lateral view of same

;

(o) crest, looked down upon ; (d) posterior view of crest j (e) rod.

6. Dorsum of abdomen of $. 7. Leaflets of phalloBome of one
side, standard scale. 8. dypeal hairs of larva. 9. Leaflets

of palmate hair. (8 and 9 after Puri.)

t2
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Adult (J.—In general as in $. Artiennce without scale*

on first flagellar segment. Palpi ornamented as shown

;

marginal hairs forming about a single row above and a double
row ventrally. Coxites with numerous scales.

Hypopygium *
: liarpago with apical hair somewhat longer

than club ; a hair about half its length or loss between this

and club, and from 1-3 longish hairs internal to apical hair,

with numerous rather large smaller hairs about apex. Phallo-

some between half and ^ coxite, with 5-6 leaflets on each side ;

practically all the leaflets broad, blade-Uke, with marked
serrations along straighter edge ; the largest about half length

of phaUosome.
Pupa f-

—

Paddle : spines on posterior half or so of external

border fine, pointed, giving place to hairs on the posterior

border, which do not extend beyond the paddle-hair
;
paddle-

hair long, hooked.
Spine : (VEU) rather long, more than half length segment ;

(V-VII) about half length of segment
;

(IV) about half length

of preceding spine, usually blunt (sometimes pointed and
rather longer) ; (III) small, about ^ length preceding ;

(I)

minute, unchitinised.

Hair B : (V-VII) about | length of segment ; about
3 br., leash-hke.

Hair C : (V-VII) simple, longer than segment ; (IV)

2-3 br., leash-like.

Hair 4 on segs. Ill-VI rather long, approaching half

segment, simple.

Labva X-
—Clypeal hairs : simple, ic sometimes very finely

frayed ; oc about | length of inner
;

pc about the same
length as oc. Antenna with hair arising about J length of

antenna from base ; terminal hair split about middle into

2-4 br. Maxillary palp with the cone slightly bifid at extreme
tip. Mentum with four teeth on either side of median tooth,

the first of these very short and rounded, the first three more
or less equidistant.

ShovMer hairs : inner and middle hairs arising from separate

basal tubercles, variable in amount of development, but
tubercle of middle hair always better developed than that
of inner ; both hairs feathered, inner somewhat shorter
than middle. Metathoracic hair no. 1 like ordinary hair,

usually with three branches (sometimes 4-5). Hair no. 5 on
prothorax long and feathered, its distal end drawn out and
not having truncated appearance. Pleural hairs as given

• Hypopyoittm : Christ. 1915, p. 393.

t Pupa : Senevet 1930, p. 325 ; 1931, p. 105.

t Labva: Steph. and Christ. 19026, p. 10; James 1902, p. 46; Theo.
1903, p. 95 ; James and Listen 1904, p. 113 ; 1911, p. 115; Edw. 1926
p. 280 ; Puri 1928 6, p. 623 ; 1931. p. 191.
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under the group ; dpi with 3-4 br. Tubercles moderately
large, that on 1 and 3 with the projection sharp and spine-

like, that on 2 blunt and bifid.

Palmate hairs well developed on III-VII ; hair no. 1 on
I not developed as palmate hair, that on II poorly developed.
Leaflets uniformly pigmented, broad ; filament short, broad
at base, about J length of blade ; may be longer in specimens
from N.W. Frontier Province. Lateral hairs on IV-VI
split some distance from base into 3 br., sometimes 4 or 5
on IV and 4 on VI ; on VII very short, with 3-5 br. Tergal

plaits rather small, spc poorly developed ; mps very broad
anteriorly and touching chitinisation. Pecten with 3-5 long
and 8-11 short processes, all serrated on basal half, ps with
5-6 br. Tail-hooks poorly developed.

Identification.—There is no species with which this can
well be confused ; it is the only Indian species with broad
thoracic scahng and a double broad pale band on the
palpi in which the hind legs are not conspicuously marked
with white.

Distribution.^—Recorded outside the Indian area only
from Muscat and Lower Mesopotamia. In the Indian area

has a wide distribution throughout the Peninsula from the
extreme north-west to the extreme south and east. It is

also recorded from localities in Upper Burma, but only
from Rangoon in Lower Burma, and it is not recorded from
Ceylon.

Bionomics.—.4. stephensi is commonly found in houses,

barracks, cow-sheds, and suchhke situations (James, 19()2
;

Adie, 1905 ; Davys, 1912 ; Richmond and Mendis, 1930

;

Sweet, 1930). Christophers and Shortt note that the adult is

secretive in its habits and diflficult to find. It feeds readily

experimentally and in nature on man (Oill, 1925).

It breeds under natural conditions in pools in river- and
stream-beds (Christ., 1911; Hodgson; Marjoribanks), also

in sluggish creeks, drains, pools and miscellaneous breeding

places, usually preferring clean water and small pools. It has
been recorded in water contaminated with snUage {Jyenga/r,

1919 ; Boy, 1931). In the Peshawar area it breeds abundantly
in irrigation channels (Bichrmmd and Mendis). It has been
recorded from brackish water (Oholap, 1910 ; Chalam, 1924),

but at Busra was notable for selecting fresh as against brackish

water (Baaraud, 1920). It breeds equally in places exposed
to direct sunlight and in dark places (Covdl, 1^8). Its larvae

have the power to sink deeply and to remain long periods

without reappearing at the surface (Hodgson ; CoveU).

It is especially noticeable for its power to breed in wells,

cisterns, and various artificial breeding places (James and
Liston ; SitUon, 1917), and for this reason is the species concerned
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with malaria transmission in large cities such as Bombay.
Under such circumstances it breeds in all kinds of misc^-

laneous sources, such as wells, cisterns, water collected about
unfinished or abandoned buildings, flooded cellars, fountain-

basins, and artificial receptacles (Liston, 1908 : Bevtley, 1910,

1911 ; CoveM, 1928, 1930).

Relation to Disease.—A. stephensi is, next to A. culici-

facies, probably the most important malaria-carrying sj)ecies

in India. It has been infected experimentally to the oocyst

stage with all forms of the malaria parasite, and with M.T.

and B.T. to the sporozoite stage ; it has frequently been found
infected in nature, both gut and gland infection.

34. Anopheles maculatus Theo., 1901 *. (Figs. 46, 47.)

Theobald, Mono. Cul. i, p. 171, 1901 (A. maculatus). Type-loo. :

Hong Kong. Ty'pe : described from several ?$ and two (JcJ ;

a type (J now in Brit. Mus., the $ type being a specimen of

A. karwari (see remarks under that speeioa).

Systonyms :

pgeudoivillmori Theo., 1910, Mono. Cul. v, p. 6.5 (Nysaorhynchus
peettdowUlmori). Type-loo. : Meenglas, Jalpaiguri Duars.
Type : $ described ; type in Indian Mus., Calcutta. Syn.
by James and Liston, Anop. Mosq. India, ed. 2, p. 87, 1911.

dravidicua Christophers, 1924, Ind. Journ. Mod. Kos. xii, p. 297
A. maculatus \a,T. dravidicus). Type-loc. : Nilgiri Hills,

South India. Type : in Brit. Mus. Syn. by Christ., Bee.
Mai. Surv. ii, p. 329, 19.31.

hanabuaai Yamada, 1925, Sci. Kepts. Govt. Inst. Inf. Dis. iv,

p. 471 (Myzomyia hanabusai). Type-loc. : Kagi, Formosa.
Type : The syntype (no. 15) consists of 4 $$ and 2 (J<J from th*
above locality (Yamada, loc. cit.), Syn. by Christ., loc. cit.

Recoonized Variety :

mllmori James, 1903 (see below).

A. metaboles of Stephens and Christ., 1902a; A. willmori of Leicester,

Cul. Malaya, 1908 ; also of some Formosan writers (see Yamada, 1925).
For discussion of variation in this species, see Christ., 1931.

Adult $.—Size moderate (length of wing 2-7-4-2 mm.).
Hetid : scales of usual type, with a conspicuous pale vertical

area ; vertical chsetse forming a cluster of 8-9 flattened

chaetae, which make a well-developed frontal tuft ; ocular

• Systbmatic : James and Liston 1904, p. 99 ; 1911, p. 84 ; Christ.,

1924 6, p. 297; 1924 c, pp. 65, 101 ; 1931, p. 323; Yamada 1925,

p. 471 (hanabusai). See also James 1902, p. 47 ; Theo. 1901 a, p. 171

;

1902, p. 69 ;1903, pp. 96, 101 ; 1907, p. 97 ; 1910, p. 58 ; .Kinoshita
1906, p. 643; Leicester 1908, pp. 41, 42; Mathis and Leger 1911;
Takaki 1911, p. 142 ; James and Stanton 1912, p. 62 ; Strickl. 1913 6.

p. 203 ; Roper 1914, p. 143 ; Stanton 1914 6, p. 517 ; 1916 6, p. 254

;

1926, pp. 30, 85 ; Christ. 1916 o, p. 471 ; Sohfiff. and v. Heyden 1916,

p. 387 ; 1917. p. 31 ; Swell. 1916, p. 105 ; 1921 a, p. 98 ; Mangk. 1919.

p. 54; Koidzumi 1924, p. 98; 1930, p, 234; Carter 1925, p. 74;
Senior White 1826, p. 213 j Borel 1929, p. 58 ; Iyengar 1929, p. 6 ;

Barraud and Christ. 1931, p. 277. See also pp. 281-3 (footnotes), and!
under var, wiUmori.
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scales forming about a single line in front. Antenna with
some minute white scales on torus ; black scales at base,

numerous white scales on first flagellar segment, and scales

on second and sometimes third segment. Palpi moderately
thick, with erect scales towards base ; the apical segment

Fig. 46.

C i

5 f^ 5a i^'f

A. maculattia.

Wing of 9, f standard scale. 2. S and $ palp, same scale.

2 a. Terminal segments of $ palp, showing relation of bands
to segments. 8. Vertex. 4. Legs : (a) front leg ; (&) mid-
tarsvis ; (c) hind tarsus. 5. Abdomen of type-form, normal
scaling. 6 o. Abdomen of type-form, showing " udlimori-Wka "

scaling. 6. Leaflets of phaliosome of one side, type-form. 7. The
same, " paeudcninUmori form. (S and 7 standard scale.)
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Fig. 47.

A. maculatua (cont.).

Wing of $, var. wiUmori, f standard scale. 2. Dorsum of abdomen
of same. 3. Dorsum of abdomen, form ptevdowiUtnori.
4. Pharyngeal bar as conmionly seen when pharynx mounted
whole. 4 a. Portion of same, enlarged. 6. Pharyngeal teeth

:

(a) anterior view of cone ; (6) lateral view of same, ediowing one
row of teeth only ; (c) cone tilted to show the two rows ; (d) view
looking down on crest, showing position of lateral and crest-
spines ; (e) posterior view of crest ; (/) lateral view of rod.
6. Clypeal hairs of larva. 7. Leaflets of palmate hair of larva.

(6 and 7 after Purl.)
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about ^ length preceding segment (index 0-35) ; apical segment
all white, with apex of next segment forming broad white

band, a second broad white band as in A. stephensi ; inter-

vening black band usually about J or f either pale band ;

a narrow band at 2-3.

Pharynx *
: filaments of cones stout, rather thorn-like,

tapering, without pronounced spicular processes
;
pediment

with a large lateral tooth on each side, and two or three smaller

teeth behind this at sides of base of filament ; crest broad,

with a double row of long, rather regular spines on each side,

posterior view bifid. Rods with extreme base expanded,
without branches or spicules, end sometimes shortly bifid.

Thorax with one or two pale scales on apn. Mesonotum
with the fossae and lateral areas shghtly darker than the median
area ; median area covered with creamy white scales, 6-9 str.

;

scattered scales on the fossae and a line of rather broad scales

on lateral area. Pleurae commonly with some scales on
sternopleuron ; spLracular hairs 5-7

;
prealar hairs about 5,

with a small tuft of broad white scales ; upper mesepimeral
8-9.

Wing as in fig. 46, 1 ; af very variable in length, petiole

from ^ to I length of cell ; costa usually with three small

dark ace. spots, the inner two often more or less bridged

;

vein 1 at base usually all pale, but sometimes with a small

patch of brownish scales
;

pale interruptions in apical half

of wing very variable in extent, preapical dark spot usually

about one and a half to twice apical, or may be up to four

times this. Some of the small dark spots on wing-field often

lacking, e. g., on stem of 2, on 2.1 at base, on 4.2 at base.

Apex of wing most commonly pale to beyond 2.1, and again
from 2.2 to 3, but sometimes a dark fleck between 1 and 2.1,

and more rarely between 2.2 and 3. Scaling of wing moder-
ately broad ; max. str. 9-10, some scales on subcosta

about 12.

Legs with front femora very shghtly swollen in basal half.

Femora dark, covered on all aspects with pale spots, except

usually on under surface of mid- and hind legs, where there is

a narrow longitudinal pale area extending from base a variable

distance along the femur, sometimes to its full length

;

apices of all femora narrowly pale. Tibiae similarly spotted.

Fore tarsus usually with broadish apical and basal pale bands,

or taches restricted to the anterior surface, at 1-2, 2-3 and
3-4, sometimes without a band at 3-4, or with a small pale

«pot at apex of 4 ; mid-tarsus usually with pale apical banding

• Phabykx : besides Sinton and Covell, and Barraud and Covell, see

Manalang 1029, p. 436.
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or taches in the same situations, sometimes with basal

banding also ; hind tarsus ornamented as in figure, with

or without some narrow basal banding on segment 2. First

tarsal segment, less commonly second, and sometimes third,

on hind legs with a few small pale spots. Coxse dark, second
with a patch of white scales on its external surface, third

with one towards its apex posteriorly.

Abdomen with a very variable amount of scaling on
dorsum, commonly with a few scattered stiales on segs. I

and II, a segment or so possibly without scales and an
increasing number of scales on the more terminal segments ;

or fairly numerous scales are present on all segments from II,

though there is rarely a definite patch of broad scales on II

as in var. willmari ; in the common Himalayan form there

are very few scales, these being narrow and restricted to

segment VIII, mixed with hairs and inconspicuous {paeudo-

willmori form). Black scales present at lateral posterior

angles of a variable number of segments, often forming
well-marked tufts on VII and VIII, or also on VI. Sternite

VIII commonly has flat pale scales at sides, black scales

commonly present in median hne apically on a variable

number of sternites from V-VII, and a few scattered pale

scales may also be present. Cerci with densely tufted black
scales and usually some indistinct pahsh scales towards
apex ; some pale scales between bases of cerci dorsally.

Adult (J.—In general as in $. Antennce with dark scales

on first flagellar segment. Palpi ornamented as shown
;

marginal hairs forming about a double row. Abdomen
with scaling in the main as in $ ; ventral surface of VIII
(rotated) heavily covered with narrow pale scales and some
black scales on its posterior border. Coxites with dark scales

on dorsal aspect and at sides, ventral surface heavily covered
with pale scales and long pale hairs apically.

Hypopygium *
: harpago with apical hair a very little

longer than club ; no accessory hair between this and. club ;

numerous small hairs and about three larger ones internal

to apical hair. Phallosome 0-4 of coxite, with 6-7 leaflets

on each side ; the largest leaflet 0-47 of phallosome (0-05 mm.),
blade-shaped, with a few serrations '. remaining leaflets broad-
ish, blade-shaped, with some serrations. The largest leaflet

of the Himalayan form (paeudowillmori) appears to be narrower
and somewhat sm^Uer.
Pupa f-

—^Very similar to A. stephensi, but hairs on posterior

border of paddle appear usually to be carried beyond the
paddle-hair in Indian specimens.

• Hypopvotom : Christ. 1915, p. 394 ; Swell. 1921 a. p. 99.

t Ptipa : Senevet 1931, p. 47.
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Larva *.

—

Clypetd hairs : ic very finely frayed on distal

two-thirds, the fraying variable, and in some larvae difl&cult

to see even under a high magnification ; oc about half length

of inner, frayed ; pc a httle shorter than outer, simple.

Antenna as in A. stephenai ; mentum as described under
A . stephensi, but first lateral tooth not short and rounded.

Shoulder hairs : inner and middle rather stout, feathered,

with separate conspicuous basal tubercles. Metathoracic

hair no. 1 very variable, but usually like ordinary hair,

with 6-6 filamentous branches. Pleural hairs as described

under the group ; dpi with 3-4 br. Tubercles as in

A. stephensi.

Palmate hairs well developed on III-VII ; hair no. 1 like

an ordinary hair, on II poorly developed as palmate hair

;

leaflets broad, with varying amount of pigmentation towards
end ; filaments well differentiated, from J to ^ length of blade.

Lateral hairs on IV-VI long, slender, with 4-7 br. on IV
and 3-5 on V and VI, the branches arising near base and
the hair more like a spUt hair than a feathered one ; very
short, with 5-6 br. on VII. Tergal plates, scoojj, pecten,

and ps hair similar to A. stephensi. Hair no. 4 on I with
5-8 br. Caudal hooks 6-7 well defined.

Egg f.—Galleon-shaped. Upper surface half to ^ width
of egg, with anterior and posterior demarcated areas,

anterior somewhat longer and broader ; demarcated area*

commonly completely separated by frill from middle area,

or one or other area, or both, joined to middle area, the junction

marked by tags. Ventral surface unomamented. Floats

touching margin of upper surface, occupying about middle
third of egg, narrow, roU-Uke ; float-ridges about 15-16 ;

float-terminations moderately large, rounded. Frill com-
pletely surrounding the anterior and posterior demarcated
areas or ending in tags where these are continuous with

middle portion of upper surface.

Identification.—Apart from varieties or varietal forms,

identification offers no difiSculties, and there are no other

species with which A. tnaculatus can well be confused.

A. karwari and A. majidi have somewhat similarly marked
tarsal segments of the hind leg, but the legs are not speckled,

and in A. karwari there is an additional narrow pale palpal

• Larva : Steph. and Christ. 1902 o, p. 14 {tnetahoUs) ; James 1902,

p. 47 ; James and Listen 1904, p. 100 ; 1911, p. 86 ; Stanton 1912 6,

p. 7 ; 1915 o, p. 169 ; 1926, p. 51 ; Mangk. 1918, p. 474 ; 1919, p. 54 ;

Swell. 1916, p. 108; 1921 o, p. 108; SweU. and Swell. 1919 a, p. 30 t

Lambom 1921, p. 91 (taU-hooks) ; Iyengar, 1921, p. 216 (thor. app.)

;

1922a, p. 630 (tail-hooks): 1928, p. 284 (thor. app.); Carter 1925,

p. 89 ; Senior White 1925, p. 89; Puri 1928 6, p. 523 ; 1931, p. 186.

t EoG : Christ., Paludism, no. 3, p. 67, 1911 ; Christ, and Barraud
1931, p. 179.
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band just proximal to the preapical one. A. theobaidi differs

in the last two tarsal segments being entirely white, without
a dark band on segment 4. This band may sometimes,
however, be absent in A . maculcUus as an individual variation,

though as a rule one leg at least shows some indication of it.

The distinction between the tj'pe-form and var. willmori

lies in the extent and profusion of the scaling of the abdomen,
especially in the presence in the variety of a well-marked
patch of flat scales on seg. II ; other difl'erenccs of doubtful
definitive value in individual cases are given under the

variety. In the type-form in some areas, particularly at

high altitudes, some specimens have numerous and broad
scales, but in the same series other individuals are not so.

This variabihty in individuals from the same area, or even
from the same batch of reared specimens, is very charac-

teristic, and may be taken as an indication that the type-form
is being dealt with.

The Formosan form (hanabusai) has been distinguished

by Yamada as a distinct species on the following points :

—

Scales of mesonotum oval, not pointed ; pale bands on hind
tarsi broader ; more segments of abdomen with black scales

laterally and on apex of segment ventrally.

The typo-form in the Himalayan area has the scales res-

tricted to segment VIII, these being narrow, inconspicuous,

and heavily mixed with hairs. This is probably a definite

geographical variety to which the male pseudowillmofi might
be applied ; it has not been recognized here, as its distinction,

at present at least, from the variable type-form would be
difficult to maintain in individual specimens or even in some
series.

DisTBiBXJTiON.

—

A. maculatus has a wide distribution

in the Oriental Region, including China, but not the Moluccas.
It has been recorded from Celebes (with Boeton) : Philip-
pines ; Formosa ; S. China ; Borneo ; Lesser Sunda
Islands (Timor, Alor, Flores) ; Java ; Sumatra (with Bangka,
Nias, Riouw, Linga) ; Anamba and S. Natuna Islands ;

Tonkin ; Annam ; Cochin China ; Malay Peninsula
;

SiAM ; Burma, Ceylon, and India.
In the Indian area recorded from many locahties throughout

Burma and Assam, in various parts of Peninsular bidia,
notably in the Nilgiris and other hilly areas in South India
and the West Coast, in Ceylon, and to the north and west
from many localities along the foot of the Himalayas as far
north as Swat and Kohat ; it is not recorded from Baluchistan.
It is not commonly found in the great alluvial plaias, except
where rivers debouch from the hUls, and is not recorded
from Rajputana, Gujarat, or Sind.
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Bionomics.—Evidence on the occurrence of A. macuhius
in houses, etc., is somewhat conflicting. Many writers

record it as infrequent in houses [Chaiam, 1923 ; Wats,

1925 ; Kingsbury, 1928), and Kingsbury, who notes that

it is more frequently caught in traps than in liouses, states

that it is not a house-loving species. It is, however, evidently

commonly taken in houses and cattle-sheds in certain areas

or circumstances {Oraham, 1912, 1913 ; Shortt ; Watson,

1924; Bamsay). It appears probable that it commonly
enters houses, but leaves again after feeding {Feegrade

1927, Hsipaw, Lashio). It feeds readily on human blood
(Shortt ; Green. 1929) and has been observed feeding on cattle

(Feegrade, 1930, Katha). It feeds by night and by artificial

light (Shortt, Essed). It is attracted by hght (Essed).

A: maculatus in India is essentially a stream and river-bed

breeder (Kenrick, 1911 ; Shortt ; Christ., 1925 ; Strickland,

1924, 1925 ; StricM. and Chowd., 1928, Duars) ; it is also

recorded from pools, springs, seepages, borrow-pits, lake-

margins and rice-fields (McCombie Young, 1924 ; Feegrade,

1927, Hsipaw ; Ramsay). Its breeding places have been
much studied in the Federated Malay States, where it is classed

as a small pool breeder, as very commonly found in drains,

and as the species most commonly found in fast-flowing

streams with grassy edges (Gaier and Eajahmoney) ; it has
been found in polluted water, hoof-marks, etc., and artificial

re43eptacles (Wilson, 1930).

Relation to Disease.—A. maculatus has been infected

experimentally with B.T. and M.T. to the sporozoite stage,

and with quartan to the zygote stage (Oreen, Bull. Inst. Med.
Res. F.M.S. no. 5, 1929), and has been found naturally

infected in Malaya, the Dutch East Indies, and Burma. It is

regarded, especially in the Malay Peninsula, as one of the

most important malaria-carrying species.

34a. Anopheles maeuIatusvar.wilImoriJames,1903*. (Fig.47.)

James, in Theo., Mono. Cul. iii, p. 100, 1903 (Nyssorhynchue
willmori). Type-loc. : Kashmir. Typje : ? described ; type
in Brit. Mus. Given varietal rank by Aleock, Journ. Lond.
Sch. Trop. Med. ii, p. 164, 1913, and recently by Christ., Rec.
Mai. Surv. ii, p. 330, 1931.

* JamesandListonl904, p. 88; 1911, p. 109; Christ. 1915, p. 394
(hypop.); 19246, p. 297; 1924c, p. 85, 101 ; 1931, p. 330; P\iri 1931,

p. 190 (larva) ; Christ, and Barraud 1931, p. 180 (egg) ; Senevet 1931,

p. 47 (pupa). See also James, in Theo. 1903, p. 100; Theo. 1907, p. 97 ;

1910 o, pp. 57, 73; 1900 6, p. 3; James and Stanton 1912, p. 62;
Christ. 1916, p. 484 ; Sinton 1917, p. 207 ; Striekl. 1925, p. 563
(larva) ; Christ. 1911, p. 69 (larva, pupa).
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indica Theo., 1907, Mono. Cul. iv, p. Ill {Neocellia indica). Typb-
Loc. : l>ehra Dun, Wostern Himalayas. Type : described
Irora 3 $<? and 1 (J ; o an'J ? typ'' •" Brit. Mus. Syn. by James
and Liston, Anop. Mosq. Ind. 2ud ed. p. 112, 1911.

(Itiiljfeuni Theo., 1907, Mono. Cul. iv, p. 113 {Neocellia diulgeoni).

Type-loc. : Kangra Valley, Wostorn Himalayas. Type :

described from several cJ,J and V9 ; typo ^ and $ in Brit.

M<)S. Syn. by James and Liston, toe. cit.

maculosa Jamos & Liston, 1911, Anop. Mosq. Ind. 2nd od., p. 112
{Neocellia u-iUmori var. maculosa). Type-loc. : Pathankot
and otlier localities at foot of Wostern Himalayas ; Kurseong,
Kastcrn Himalayas. Type : a .spocimon labelled by James
" willmori var. maculosa " in Brit. Mua. Syn. by Christ., Ind.
Journ. Med. Res. iii, p. 484, HHfi.

The A. willmori of Leicester, 1908, and some other writers mostly
relate to moderately scaly forms of the type.

Adult.—Resembles the type-form in most respects exeept

that the scaling of the tergites is ranch more profuse and
the scales broader, the whole area <if tergites III-VII having
a covering of broad scales, whilst there is a well-developed

patch of broad scales present also on scg. H.
The following are also characters in which var. willmori

differs from the more iisual appearances seen in the type-

form :—Fore tarsns more frequently apically banded only
;

mid-tarsus scarcely, if at all, banded, a common condition
being taches on the front of tlie joint not amounting to a band

;

\ and
J-

of segs. 2 and 3 on hind tarsus white, as against

J and ^ in the type-form
; preapical dark costal spot longer,

usually several times length of apical dark spot. None
of these characters are, however, definitive.

In a large proportion of individuals of var. willmori a con-
spicuous feature is ajjeckling of the palpi {maculosa form).
This form has not been seen from the N.W. Frontier Province
or Kashmir, but appears to be the usual form elsewhere,

and the presence of speckling of the palpi in series further

east may be useful in distinguishing var. unllmori from the
type-form of mac2ilatus. Where there is a speckling of the
palpi, as noted also by James and Liston, there are often
present small pale spots on the second tarsal segments of the
fore and mid-legs and the third segment of the hind legs.

This is not usually present in the type-form, but occurs
even more commonly in the psendcmitlmori form, and is

described by Yamada in hnnabusai.

Lakva.—According to Puri, resembles that of the type-
form in every character.

Pupa.—Senevet has described a pupa with a simple hair C
on seg. IV, but specimens examined in India appear to show
no essential differences from A. macvlatus as described by
Senevet.

Egg.—^Indistinguishable from that of the type-form.
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DiSTEiBUTiON.—^Abundant along the foothills of the whole
Himalayan range between altitudes of about 2,000-8,000 feet,

and extending to the N.W. Frontier Province from the

Malakand to N. Waziristan, but not recorded from Baluchistan.

Typical specimens of the maculose form have been seen from
Shillong and from Kalaw in the Southern Shan States, Burma.
For further details Christ., 1931, should be consulted.

Bionomics.—Commonly taken in houses in the villages

about KasauH and in Kashmir. It breeds in the stream-

beds of mountain-streams and torrents in the Himalayan
area {Graham, 1912 ; Gill, 1920).

35. Anopheles theobaldl Giles, 1901*.

Giles, Entom. Month. Mag. (2), xii, p. 198, 1901 {A. tlieobaUi).

Typb-loc. : ElUchpur, Ainraoti Dist., Central Provinces. Type :

9 described ; type in Brit. Mus.

Closely resembles A . maculalua, but dark band on segment 4

of hind tarsus consistently lacking, last two tarsal segments
of hind leg being continuously white.

Base of costa usually darker than in A. maculatus, with

a tendency to fusion of the ace. dark spots ; dark areas

on costa more extended ; fore tarsi apically banded only

and commonly all dark underneath, mid-tarsi dark or very
narrowly banded, and underside all dark. No differences

have been detected in hypopygium, pharynx or larva.

This was considered a variety of A . maculatus by Alcock
(Journ. Lond. Sch. Trop. Med. ii", p. 164, 1913), but is probably
distinct, though very closely related.

DiSTBiBUTiON.—Theobald, 1910, p. 58, gives the Phihppine

Islands on the authority of Ludlow, ' Mosq. of the Phil. Isls.'

1908, which reference I have verified. There appears to

be no other record of A. theobaldi outside India.

In India it is a common species in the central and western

portions of the Peninsular plateau. It is also recorded from
scattered localities in other parts of India and Burma,
though some of these records may apply to individual

variations of .4. maculatus. The record of A. theobaMi from
Ceylon by Chalmers, 1905, p. 165, is considered probably
incorrect by Carter, 1925, p. 59.

* Listen 1901. p. 365 ; James and Listen 1904, p. 97 ; 1911, p. 95
;

Christ. 1915, p. 394 (hypop.) ; 1924 c, pp. 66, 100; 1931, p. 330;
Purl, 1931, p. 190 (larva). See also Giles 1901a, p. 198; Theo.
1900 6, p. 311 ; 1903, p. 95 ; 1907, p. 98, 1910 a, p. 58 ; Kenriok 1915
<bion,) ; Christ. 1916, p. 482.
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36. Anopheles karwari James, 1903 *. (Fig. 48.)

James, in Theo., Mono. Cul. iii, p. 102, 1903 (Nyssorhynchua
karwari). Type-loc. : Karwar, West Coast, India. Type :

? described ; typo ? in Brit. Mus.

nigrans Stanton, 1912, Journ. Lond. Sch. Trop. Med. ii, p. 7

(A. nigrans). New name for A. kanoari James. Syn. by Christ.,,

Ind. Joum. Med. Res. iii, p. 469, 1916.

The existing $ type of A. mactdatus is a specimen of A. karwari
{vide Stanton, Journ. Lond. Sch. Trop. Med. ii, p. 7, 1912), and for

this reason Stanton gave the name nigrans to the species in place of
karwari. But Theobald's description of maculatiis is correct for that
species, though not some later references by Theobald ; the original

female types must, therefore, have been, in part at least, A. maculatus.

Adult $.—Size medium (length of wing 2-5-4-3 mm.).
Head : scales of usual type, with a well-marked pale vertical

area ; vertical chsetae white, forming single row ending
anteriorly in small cluster of 3-4

; ocular scales forming
single line anteriorly. Antenna with white scales on torus

and first flagellar segment. Palpi moderately thick ; apical

segment very long, more than half preceding ; index 0-64
;

with two broad pale bands and an extra narrow band near

these, seemingly as in A. maculatus, but ornamentation
really entirely different ; apical segment not all white, inter-

vening dark band situated towards base of this segment,

next pale area involving large part of segment 4, and the

apparent extra band being the usual band at 3-4.

Pharynx f : very similar to that of A. maculatus.

Thorax with apn devoid of scales. Mesonotum more or

less unicolorous, showing eye-spot effect in places in certain

lights ; covered, including fossae and lateral areas, with broad
white scales. Pleiirai without conspicuous scales ; stigmatic

hairs 2-4.

Wings as in figure ; a small dark spot usually on stem
of 4 between cross-veins ; outer half of vein 6 forming a long

dark spot ; an extra fringe-spot between those at 5.1 and 6 ;

scaUng similar to A. maculatus.

Legs with front femora swollen in basal half. Femora
dark, somewhat paler beneath and narrowly pale at apices.

Tibiae dark, narrowly pale at apices, the mid with a Unear
pale spot on outer aspect towards base, a smaller, similar

* Systematic : James, in Theo., 1903, p. 102 ; James and Liston
1904, p. 89 ; 1911, p. 96 ; Leicester 1908, p. 39 ; Christ. 1916 a, p. 469 ;

Baisas 1931 b. See also Cogill 1903, p. 334 ; Theo. 1910 a, p. 58 i

Schiife. and v. Heyden, 1917, p. 33 ; Bodenw. 1921, p. 155; Swell. 1916,

p. 110; 1921 o, p. 102; Christ. 1924 c, pp. 67, 104; Stookes 1929,
p. 103.

t Phabynx: in addition to Sinton and Covell, and Barraud and
Covell, see Manalang 1929, p. 431.
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•spot on hind tibia. Front tarsi with broad pale apical bands
on 1-3, middle with narrower apical bands on 1-2, hind marked
very similarly to A. macnlatus.

Fig. 48.

1

ilffl;;::;ili!iiiiil'i''''™"ii!i"'a''lI'lii;S«li

A. karwari.

t. Wing of ?, ^ standard scale. 2. Palp of (o) (J, (6) $, same soale.

3. Apex of $ palp, showing joints. 4. Vertex. 5. Pharyngeal
armature : posterior view of two crests, with base of rod. 6. Legs :

(o) fore leg ; (6) mid-tarsus ; (o) hind tarsus. 7. Apex of harpago.
8. LeoEets of phallosome, standard scale : (a) fully flattened

:

(6) seen on edge. 9. Leekflets of pahnate hair (after Puri).

10. Clj^jeal hairs of larva (after Puri).

DIPT.—VOL. rV. XT
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Abdomen dark, with light yellowish hairs and narrow golden
scales and hairs on dorsum of VIII ; cerci with light scales

above, dark below.

Adult (J.—In general as in $. Palpi ornamented as

shown ; marginal hairs short and stout. Abdomen as in ? ;

VIII with conspicuous black hairs at apex ventrally (tergite) ;

cerci with pale and dark scales.

Hypopygium *
: harpago with apical hair about as long as,

or a little longer than, the club, a stout hair (sometimes two),

half its length or less between apical hair and club. Phallo-

some approaching half length of coxito ; leaflets about six

on each side, the largest broad, shaped like blade of pruning-

knife, approaching half length of phallosome (()-054 mm.),

serrated only on apical half', the others blade-like, serrated

only ui apical half.

Pupa .—Undescribed.
Laeva f.

—^Closely resembles A. maadatus, but fraying

of inner clypeal hairs never so fine as to be indistinguishable
;

hair no. 1 on metathorax never differentiated into palmate
hair, this having 4-9 br., which do not arise from the same
place, so that it resembles a short feathered hair ; leaflets

of palmate hau-s shorter, filament shorter and blunter,

serrations at shoulder poorly marked and shallow. A number
of hairs are more branched than in A. maculatus ; hair no. 5

on II with 6-8 br. (in place of 4-5 in A . maculatus) ; lateral

hairs on IV-VI with 5-8, 5-10, and 7-10 br. : ventral sub-

median (no. 13) on II, III, and VI with 6-9, 7-9, and 7-12 br.

respectively, instead of 3-6, 3, and 5-7 in maculatus. Caudal
hooks less well developed.

Ego J.—^According to Stanton (in Lamborn, Bull. Ent.

Res. xiii, p. 129, 1922), precisely similar to that ofA . maculatus.

Identification.—The peculiar ornamentation of the palpi

is quite characteristic ; the unspeckled legs, with broadly
banded hind tarsi, also distinguishes the species from all

but A. majidi, to which it bears a superficial resemblance,

but which is distinguished by the female palpi, darker wings,

presence of a propleural hair, and other characters.

Distribution.—^With a wide distribution in the Oriental

Region, being recorded from Celebes ; Philippines § ; China

* HYPOpyonjM : Christ. 1915, p. 393 ; Swell. 1921 a, p. 104 ; Baisas
1930 6.

t Labva : James and Listoii 1004. p. 89; 1911, p. 96; Stanton
1912 6, p. 7 ; 1915 a, p. 167 ; SweU. and Swell. 1919 a, p. 32 ; Larabom
1921, p. 93 (taU-hooks) ; Senior White 1925, p. 218 ; Waloh and Soesilo

1929, p. 463(pecten); Baisaa 1930 6; Puril928 5, p. 523; 1931, p. 190.

} Stanton, in Lombom, Bull. Ent. Res. xiii, p. 129, 1922 ; Christ,
and Barraud 1931, p. 20.

§ Baisas 1930 b.
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(Hong Kong) ; Tonkin ; Cochin China ; Borneo ; Malay
Peninsula ; Siam ; India, Btjema, and Ceylon.

In the Indian area recorded from the eastern, southern

and Malabar areas. Not recorded from the United Provinces
or Central Provinces, or any locality north-west of these

;

on the West Coast not recorded north of Bombay.
Bionomics.—Adults found in houses and cow-sheds {Watson,

1921 ; Lamborn, 1922 ; StricU. and Ohowdh., 1928, Duars)
;

Bombay ; Sweet). Feeds on man {Barber, 1918 ; Barnes).

85 per cent, of caught females found with blood {Lamborn,

1922).

Breeds in the Federated Malay States in small pools in open

;

also in drains, seepages, and swamps {Qater and Rajahmoney).
In the Indian area recorded in Assam as breeding in springs,

seepage water, weedy tanks, and pools, slow-running streams,

and drains with free vegetable growth {Ramsay). Recorded
as usually found in Bengal in seepages and seepage pools

{Sur, 1926), and as found particularly where water runs
over rock rather than earth {Senior White).

Relation to Disease.—Has been infected with M.T.
parasites and given as highly susceptible {Barber, 1918).

Coveil gives no record of its having been found infected

in nature.

37. Anopheles jamesl Theo., 1901 *. (Fig. 49.)

Theo., Mono. Cul. i, p. 134, 1901 (.4.yoTOem). Typb-loc. : Quilon^
Travancore, S. India. Type : $ in Brit. Mus.

A. jamesii Listen, 1901 (Deo.) is A. annularis. A. jamesii of Steph.
and Christ., 1902; Giles, 1902; Mathis and Leger, 1911, and allied

species 1 and 3 of James, 1902, are A. eplendid'os. A. jamesii of Theo.,
1903 (pi. xliii) ; 1910 a, p. 63 (in part) ; of James and Liston, 1904,

p. 93, and 1911, p. 91 ; of Barnes, 1923 ; and probably of Carter, 1925,
are A. ramsayi.

Adult $.—Size small to medium (length of wing 2-5-

3-6 mm.).
Head : scales of usual type, with a broad pale vertical area

;

vertical ohsetse white, forming a cluster anteriorly of about 6 ;

ocular scales forming in the main a single row. Antenna
with white scales on torus and first flagellar segment. Palpi
moderately thick, cylindrical ; apical segment about half
length preceding, index 0-5

; a broad white apical band
involving whole of apical and apex of preapical segment,

• Systematic : Covell 1927 a, p. 1022. See also Theo. 1901 a^

p. 134 ; 1902, p. 371 ; James 1902, p. 40 ; CogiU 1903, p. 328 ; (Jhrist.

1916 a. p. 468 (in part) ; 1924 o, pp. 66, 100 ; Man^. 1919. p. 60

:

Swell. 1919, p. 4 ; Borel 1929, p. 56 ; Feegrade 1929 a, p. 261. See
»1bo p. 292 (footnotes).

02
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followed by a dark band of about the same extent ; two
further narrow pale bands at 2-3 and 3-4.

Pharynx : very similar to A. annularis ; the crest in

posterior view is markedly bifurcate and with constricted

neck.

Thorax with a few dark scales on apn. Mesonotum dark,

unicoloroxis, covered (including fossae and lateral areas)

with rather small, broad scales, narrower in median area and
broader over fossae, max. str. 7-8. Pleura dark, without
scales ; spiracular hairs present (6) ; upper mesepimeral
about 7.

Wing ornamented as in fig. 49, 1 ;
general coloration light

and markings somewhat as in A. ste/phensi or A. kartvari
;

two small dark, discrete, accessory basal spots
;

pale areas

in apical half of wing about equal to dark ; vein 5 extensively

pale ; vein 6 with three small dark spots.

Legs with front femora swollen in basal half. Femora
and tibiae not conspicuously pale beneath and not markedly
pale at apices ; with pale spots along their length, somewhat
variable in size in different specimens and not so large and
conspicuous as in A. splendidus. First tarsal segment with
a few spots ; front tarsi broadly apically banded on 1-3

;

mid-tarsi narrowly banded ; segment 1 of hind tarsus without
apical banding, segment 2 with about | white and remaining
segments all white.

Abdomen clothed with golden hairs on dorsum of all segments
and a conspicuous dense covering of golden hairs and narrow
golden scales on the last two segments and the cerci ; venter
of segment VIH with broadish scales.

Hypopygium* : apical hair of harpago somewhat longer

than club, a hair about half length of club between it and
<;lub and a longer hair internal to it. Leaflets rather small
(0-042 mm.), most leaflets with some serrations.

Pupa.—^Undescribed.

Lakva t-
—^Very closely resembles A. annularis, but hairs

of head shorter ; outer cl3rpeal more regularly branched
;

both shoulder hairs, especially the inner, very swollen

;

dpZ very minute, much shorter than in A. annularis ; hair

no. 1 on I not developed as a palmate hair ; that on II
poorly developed ; filaments of pahnate hairs shorter, being
about half length of blade. Chitinous tubercles of pleural

hairs are large (especially that on HI), with long sharp spines.

Egg J.—Upper surface not so broad as egg ; anterior
•demarcated area about J length of egg and nearly twice

* Hypopygium : Christ. 1915, p. 393.

t Labva: Puri 1927, p. 511; 1928 6, p. 523; 1931, p. 204. See
also Cogill, 1903, p. 328 ; Mangk. 1919, p. 50 ; Carter 1925, p. 88 (?)

;

Senior White 1925, p. 128 ; Borel 1929, p. 55.

t ^oa : Christ, and Barraud 1931, p. 178.
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length of posterior area. Floats touching margin of upper
surface, occupying about middle half of egg-length, and
extending somewhat nearer to posterior end ; float-ridges

11-13, rather broad ; float-terminations large, flattened,

rounded. Frill narrow, striated.

Identification.—The species can only be confused with
A. ramsayi (see remarks under that species) and A. sjdendidiis.

From the latter it is distinguished by the presence of only
one broad band on the palpi and absence of speckling on these

organs. In addition, the Ughter wings, less pronounced
speckhng of the legs, and presence of scales on the fossae

are points of distinction.

DiSTBiBUTiON.—Recorded outside the Indian area only
from Tonkin and Cochin China. The records from Siam
and Dutch East Indies appear probably to relate to A . ramsayi
(see Barraud and Christ., 1931, and Swellengrebel and Roden-
waldt).

In the Indian area recorded from Lower Burma and Ceylon,
also in the eastern areas (Assam, Bengal, Chota Nagpur,
and Orissa), the Malabar and Konkan (as far north as Nasik),

and S. India. Not recorded from Bihar or N.W. and Central
India except from Bhandara in Central Provinces west.

Bionomics.—Found in houses and stables (Ramsay ; Sweet).

Given as breeding in interstices of Cypereus and Salvinia

in lakes, and also rain-pools and ponds with grass (Feegrad^,

Bhamo). Puri, 1931, gives pools in river-beds and springs,

and surface-wells. Some earlier records of breeding places

may relate to A. rcmisayi.

Relation to Disease.—No evidence.

38. Anopheles ramsayi Covell, 1927 . (Fig. 49.)

Covell, Ind. Jovtm. Med. Res. xiv, p. 1019, April 1927 (A. (Myzomyia)
ramsayi). Typk-loc. : Cachaj, Aesain, India. Type : <J and ?
in Brit. Mus.

pacudojameeii Strickland & Chowdhury, May 1927, Ind. Med.
Gaz. Ixii, p. 240 (A. psevdqjameeU). TyPB-LOC. : Bengal.
Type : Calcutta. Syn. by 'Pwci, Ind, Joum. Med. Res. xv,
p. 516, 1927.

This species wtMS formerly confused with A. jamesi (see remarks
imder that species and references below). It has not so fax been
recorded from West India.

Adult.—^A small anopheline (length of wing 2-3 mm,).
Similar to A. jamesi in general markings, but differing in

a number of characters. Palpi of $ as in !4. jamesi, index 0'5.

* Systematic : Theo. 1903 (p. xliii) (jamem) ; 1910, p. 63 (in pMt)

;

James and Li«ton 1004, p. 93 (A. jamum); 1911, p. 91 {jameai);
Carter 1925, p. 73 (itunem) ; Covell 1927 a, p. 1020 ; StriokL and Chowd.
1927 a, p. 240 ; Chowdhury 1928 6, p. 41. See also p. 296 (footnotee).
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Pronotal lobes without scales. Mesonotum covered with
broad scales involving fossse and lateral areas also. Wing
much darker than in A. jamesi ; base of oosta mainly dark

;

pale interruptions in apical half of wing narrow ; a dark
area on vein 5 in middle Femora, tibiffi, and first tarsal

segment conspicuously pale beneath, otherwise very similar

to A. jamesi, but ajjex of .seg. I of hind tarsus with pale band.

Abdomen dark, with golden brown hairs and lacking the light

golden covering of hairs and scales seen in A. jamesi.

Pharynx : very similar to A. jamesi.

Hypopygium : very similar to A. jamesi
;

possibly fewer

leaflets and smaller (0-038 mm.).
Pu i'A .—Undescribed

.

Larva *.

—

Olypeal hairs : ic frayed : oc half to | inner,

.stout, with 3-8 short lateral br.
;

pc simple. Inner sutural

about as long as posterior clypeal, simple. Antenna

:

terminal hair at ^ to J length of antenna from base, split

about middle into 3-5 br. Mentum with seven teeth, the tliree

on each side of median tooth about adequal and equidistant.

Submentuna peculiar in having single median tooth.

SJioulder hairs : inner short, without basal tubercle,

except a very small one occasionally ; middle about
1|- times length of inner. Metathoracic hair no. 1 not
transformed into palmate hair. Pleural ftairs as given for

group, except that dpi is rather stout, with somewhat
truncated distal end, and has a number of short spinous
lateral branches. Lateral branches of feathered pleural

hairs also comparatively short and stiff. Ohitinous tubercles

large, 1 and 3 with long sharp spines, 2 with rounded spine.

dpZ very minute, as in ^. jamesi.

Palmate hairs well developed on III-VII ; hair no. 1 on I

not developed as palmate hair ; that on II poorly developed.
Leaflets more or less uniformly pigmented, but sometimes
somewhat darker at end ; filament short, about ^ length
of blade. Lateral hairs on IV-VII long, splitting near base
into 2-3 on IV and V and 3-4 on VI. Tergal plates of

moderate size, spc well marked ; mps very broad anteriorly,

nearly touching chitinisation. ps hair with 3-5 br. , two short

and the rest long. Pecten with three long and nine very short

processes, all finely serrated on basal half. Caudal hooks
6-7, rather poorly developed.
Egg t-

—^Very similar to A. jamesi ; float-ridges somewhat
less numerous.

iDBNTiFroATiON.—Prom A. jamesi this species is at once
distinguished by lacking the golden-yellow covering of the

* Larva: Striokl. and Chowd. 1927 o, p. 240; Chowdhury 1928 6,

p. 41; CtoveU 1928 o. p. 1061; Puri 1927, p. 515; 1928 6, p. 523 ;

1931, p. 200.

t Eoo : Christ, and Barraud 1931, p. 178.
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apical portion of the abdomen and by the darker wings with
narrow pale costal interruptions and dark on vein 5. The
conspicuous pale under surface of the femora, tibiae, and
first tarsal segments also gives a ready means of differen-

tiation. The outer clypeal hairs of the larva distinguish

A, ramsayi from A. jamesi, but are somewhat similar to those

of A. sphndidiis ; the very long inner clypeal hairs and the

peculiar dorsal posterior pleural hair of the prothorax readily

distinguish A. ramsayi from A. sptendidus.

DiSTKiBUTioN.—Outside the Indian area recorded from
SiAM ; Java ; Sumatra. In the Indian area recorded only
from JJuBMA, Ceylon, and eastern areas (Assam, Bengal,
Orissa). From Burma it has only been recorded so far

from Bhamo in Upper Burma.
Bionomics.—Is found in houses and cow-sheds {Ramsay ;

Sur &nd Sur). Breeds, according to Covell, 1927 (Mem. no. 7),

in pools containing algse and in swamps. Ramsay gives
grassy tanks, permanent pools, and swamps with clear standing
water in which long grass grows abundantly.
Relation to Disease.—A. ramsayi has been found infected

(sporozoites) in nature in Bengal (Strickland), and in Cachar
(Ramsay).

39. Anopheles splendidus Koidzumi, 1920 *. (Fig. 50.)

Koidzumi, Daiwan Kenkyujo Hokoku, viii, pp. 23, 32, 55, 1920
(A. aplendidue). Type-loc. : Formosa.

indiensis Theo., Mono. Cul. iii, p. 99, 1903 (A', maculipalpis var.
indiensie). Type-loc. : Nagpur, Central Provinces, India.
Type : type $ in Brit. Mus. Syn. by Edwards, Gen. Insect.
1932. (Nee A. sinensis var. indiensis Theo., 1901.)

maculipalpis James & Liston, Anop. Mosq. of India, ed. 1,

p. 95, 1904 {A. maculipalpis). Type-loc. : India. Syk.
(of indiensis) by Christ., Ind. Med. Res. Mem. no. 3, p. 66,
1924. Nee A. maculipalpis Giles, 1902.

A. maculipalpis Giles is the African form, shown by Christ., 1924,
to be distinct (variety), and since considered by Yamada, 1926, a distinct
species. The name indiensis is, however, preoccupied (vide Christ.,

1924 c, p. 67), so that the correct name for the species is A. splendidus
Koidzumi. (See also note under .4. ^omm.)

Adult $.—Size medium to rather large (length of wing
2-5-4-3 mm.).
Head : scales of normal type, with a well-marked white

vertical area ; vertical chsetae forming a cluster anteriorly

ofabout 9 ; ocular chsetse about a single row in front. Avt&nva
with a few minute scales sometimes on torus and white

* Systematic : Yamada 1926, p. 476 (indiensis). See also James
1902, p. 41 ; James and Liston 1904, p. 95 ; 1911, p. 93 ; Theo. 1903,
p. 99; 1907, p. 98; 1910, p. 62; Christ. 1916 o, p. 471; 1924 c,

pp. 66, 101; Koidzumi 1924, p. 99; Chung and Lin 1929. Se&
also pp. 298-299 (footnotes).



GROUP NBOOEIiLIA. 29T

scales on first flagellar segment. Palpi of moderate thickness,

index 0-5, with two broad apical bands; intervening dark
area shorter than either pale band, and a narrow band at 2-3 ;

two or more distinct white spots on segment 3.

Pharynx.—Very similar to A. annularis.

Fig. 50.

A. aplendidua.

Wing of ?, ; standard scale. 2. Falp of (a) 3< (b) $, same scale.

8. Vertex. 4. Pharyn^al teeth: (a) ' posterior view of crest;

(6) base of cone, anterior view. 6. Leg : (a) fore leg ; (6) hind
tarsus. 6. Harpago. 7. Leaflets of phaUoaome, sitandard scale.

8. Clypeal hairs of larva (after Puri). 9. (a) mentam; (6) sub-
mentmn, showing single apical tooth. 10. Leaflets of palmate
hair of larva (after Puri) : (a) and (6) two different forms of leaflet.
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Thorax usually without any scales on apn. Mesonotum
dark, and darker still on fossae and lateral areas ; median
area covered with rather narrowish white scales, broader

in places, fossse largely bare, the usual dark scales on pro-

montory, and a well-marke^d hne on lateral area in front

of wing-roots. Pleurae dark, with white chagtse but no con-

spicuous scales ; spiracular chseta? present (1-6) ; upper
mesepimeral about 9. A conspicuous tuft of scales on middle
coxa.

Wings as in fig. 50, 1, dark and very similar in general

ornamentation to A. annularis ; subcostal pale area often

bridged with dark on vein 1 ; scaling, especially on vein 2,

rather profuse.

Legs with front femora somewhat swollen in basal half.

Femora and tibiae with rows of round and oval large con-
spicuous white spots, without marked paling beneath or

marked apical banding. .First tarsal segment also with
some spots ; tarsi otherwise marked very similarly to

A. annularis, about \ of segment 2, with all the remaining
segments on hind legs white.

Abdomen dark, with hairs only, except some darkish

inconspicuous scales on hinder border of VIII and venter

of VII. Cerci with dense black scales.

Adult ^.-—In general as in ?. Palpi ornamented as

shown ; marginal hairs forming about a double row on
segment 4 ; segment 3 speckled as in $. Abdomen with narrow
pale scales dorsally on VIII ; coxites with dark and pale

scales.

Hypopygium *
: harpago with apical hair somewhat longer

than club ; no other large hair present, but a small hair,

with base on inner aspect, less than ^ length of apical hair.

PhaUosome a httle less than half length of coxite, with about
five leaflets on each side ; largest leaflet about half length of
phallosome (0-055 mm.), very broad, serrated in full length

;

remaining leaflets all serrated. The very broad main leaflet

appears characteristic.

Pupa f.—Similar in general to A . stephensi, but hairs

.

continued on posterior border of paddle beyond paddle-hair
and hair C on segs. V-VII with lateral leashiform branches

;

hair 4 inconspicuouB.

Labva $.

—

Clypeai hairs : ic stout, conspicuously frayed
;

oc about f length of irmer, with lateral branches
; pc slender,

simple, or sometimes bifid distaUy. Inner sutural about

* HypoPYGitTM : Christ. 1915, p. 394.

t Pupa : Senevet 1931, p. 33.

i Larva : Stoph. and Christ. 1902 6, p. 13 {jamegi) ; Jomea and
Liston 1904, p. 96 ; 1911, p. 94 ; Puri 19286, p. 623 ; 1931, p. 197.
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as long as posterior clypeal, split into 2-4 (usually 3) br.

Antenna with hair arising \ to half length of antenna from
base ; terminal hair split about middle into 2-4 br. Mentum
with nine teeth, the first and last of the four on either side

smaller than the others.

Shoulder hairs : inner and middle arising from tubercles,

often more or less confluent ; both hairs stout, feathered,

the middle a httle longer than inner ; resembling shoulder

hairs of A. maculaitis, but tubercles a little larger. Mota-
thoracic hair no. 1 not forming palmate hair. Pleural hairs

as given for group ; the hairs and their tubercles as in

A. maculatus.

Palrrude hairs well developed on III-VII ; hair no. 1

on I like an ordinary hair ; the palmate hair on 11 poorly
developed. Leaflets more or less unifoimly pigmented
and fairly broad ; filament about | length of leaflet, very
broad at base, shoulder serrations poorly developed. Lateral

hairs on IV-VI long, spHt near base into 3-4 on IV, 2-6 on V,
and 3-5 on VI ; very short and split into 4-5 on VII. Tergal

plates small, Uke those of A. maculcUus. spc and mps as in

A. maculaitis. ps Jmir with 5-7 br. Pecten with five long

and about twelve short processes, finely serrated on basal

half. Caudal hooks 5-7, fairly well formed.

Egg *.—Galleon-shaped. Upper surface about J width
egg-body, with an anterior and posterior demarcated area

«ach about | length of egg. Ventral surface unornamented.
Floats touching margin of upper surface, occupying about
middle half of egg-length, extending very slightly nearer

posterior end of egg ; float-ridges about 20 ; float-terminations

large, rounded. Frill ending in tags at junction with floats,

striated.

Identlfication.—See remarks under A. jamesi. A. splen-

didus is distinguished from A. macvlipalpis Giles (African)

by the much greater extent of white on segment 2, of the hind

tarsus in the latter species (half to \), also by the palpal index.

DiSTRiBtJTiON.—This appears to be a northerly Oriental

form with a distribution across south Asia, but not extending

into the Malay Peninsula and Dutch East Indies. It has
been recorded from China (Canton, Swatow, Hong Kong)

;

FoEMOSA ; Tonkin ; Siam ; Bitema and India.

In the Indian area it is recorded from the extreme north-

west (Baluchistan, Chitral) to Upper and Lower Burma
and S. India, but not from Sind or Rajputana up to date.

Though recorded for Ceylon by Chalmers, 1905, this is

• Eoo: Steph. and Christ. 19026, p. 13 (jomew); Christ, and Barraud
1931, p. 178.
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probably erroneous (vide Carter, Sess. Paper, no. 7, 1927

p. 8).

Bionomics.—A. splendidus is found, usually in small

numbers, in houses, outhouses, cow-sheds, etc. {Graham,

1913 ; Kenrick, 1915 ; Strickl. and Chowdh., 1928, Duars,

2 per cent, of total ; Sweet ; Richmond and Mendis). Its

breeding places in North-West India are especially pools

with alga and vegetation in river-beds. It is also recorded

in clear pools in river-beds in Burma (Lalor, 1913, Katha),

and in jungle-streams in the Central Provinces {Goverdhan,

1912) ponds with aquatic vegetation (Feegrade, 1927, Lashio),

in tanks with weeds (Kenrick, 1914), and from a marshy
lake margin (Graham, 1914).

Relation to Disease.—The species was found infected

in nature at Saharanpur (Robertson, 1910) ; otherwise the

small number of observations made have been negative.

40. Anopheles annularis Van der Wulp, 1884*. (Fig. 51.)

Van der Wulp, Notes from the Leydeii Museum, vi, p. 249,
1884 (A. annularis). Type-loc. : Mount Ardjoeiio, East
Java. TiTPE : described from, a single '^ ; typo in Leyden Mua.

fuliginosus Giles, 1900, Handb. Gnats or Mosq. ed. 1, p. 160
(A. fuliginosiw (species '' a," from Calcutta)). Type-loc. :

Calcutta. Type : original description is of a 5? with two hind
tarsal segments white ; type $ in the Brit. Mus., labelled
" Calcutta, Dr. C. W. Daniels," has three hind tarsal segments
white. Syn. by Edwards, Gen. Insect. 1932. I have followed
Edwards, as I luiderstand that the original type of annularis
has been seen by Col. Brug, who considers it to be the species
now generally known as fuliginosiis.

leucopua Donitz, 1901, Insectenborso, xviii, p. 37, Jan. {A. leitcopus).

Type-loc. : Doerian, Sumatra. Syn. by Theo., Mono. Cul. ii,

p. 307, 1901. There is no doubt from Donitz's figures that
this species is A. anmUaris, and not A. philippinenais.

jameei Listen, 1901, Ind. Med. Gaz. xxxvi, p. 441, Dec. 1901
(A. jamesi). Type-loc. : EUichpur, Berars, Deccan, India.
Syn. by Theo., Mono. Cul. iii, p. 93, 1903.

migpori James & Listen, 1904, Anop. Mosq. India, ed. 1, p. 101
{A. nagpori). Type-loc. : Nagpur, Central Prov., India.
Syn. by Christ., Ind. Journ, Med. Res. iii, p. 465, 1916.
A. jamesi, allied species 2 of James, 1902, is this form.

adiei James & Liston, 1911, Anop. Mosq. India, ed. 2, p. 89-

(Nyasorhynchus Jidiginosua var. adiei). Type-loc. : Punjab^
India. Syn. by Christ., loc oil.

Chagasia lineata of Ludlow (Cai\ad. Entom. xl, p. 50, 1908) has been
placed by Dyar and Shannon as synonymous with A. ftiliginosus,

but as these authors' conception of this species is very wide, it may
be one of the allied forms. The so-called var. nagpori is the fonu
with an extra dork band on the apical segment of the palpi ; var.
adiei is the form with on extra dark baud on the hind tcnsus, giving
only two segments continuously white ; both these are melanio vari-
ations, and the latter is usually seen as a winter form.

For references see next page.
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Adult $ *.—Size medium (length of wing 2-3-4-2 mm.).
Head : scales of usual type, with a well-marked white

vertical area ; vertical chsetae white, ending in a cluster

of about five flattened chaetse anteriorly, which form a rather

scanty frontal tuft ; ocular scales forming about a single row
in front. Antenna : torus sometimes with some small scales

;

white scales on first flagellar segment and commonly on 2-6

succeeding segments. Palpi shaggy ; apical segment some-

what less than half preceding (index 0-42) ; all pale, forming

a broadish apical pale band, sometimes with dark scales

forming an extra dark band ; narrow pale bands at 2-3

and 3-4.

Pharynx f : filament of cones broad, rather abruptly
tapering, indefinitely fimbriated ; crest very broad, massive

;

with two rows of spines ending anteriorly in several well-

developed lateral spines ; two post-filament spines present
;

posterior view bifid.

Thorax usually with one or two dark scales on apn.

Mesonotum almost black, unicolorous, covered throughout
with broad, short, oval white scales, somewhat broader on
fossae and lateral areas, and with the usual arrangement
on the promontory, including many dark scales laterally

on anterior face. Pleurae with an occasional pale scale,

but no definite patches except on bases of coxaj ; spiracular

chaetae present (2-4) ; upper mescpimeral about 6.

Wing as in fig. 51, 1 ; base of casta mainly dark ; subcostal

pale area bridged by dark scaling on vein 1 ; 5 largely dark,

or with at least a dark area in middle near origin of branch.

Scaling heavy, lateral scales long, and almost, or quite,

touching those of contiguous veins on anterior portion of

wing ; scales rather broad, fusiform ; max. str. 10-12.

Legs with front femora swollen in basal half. Front
femora ornamented as shown ; mid-femora with a conspicuous

pale spot on anterior surface towards apex. Tibiae dark,

usually with pale stripe and pale at apices. Front tarsus

broadly apically and somewhat basally banded on segs. 1-3
;

• Systematic : James and Liston 1904, p. 91 ; 1911, p. 87 ; Christ.

1916a, p. 464; 1924b. p. 3()0; 1924c, pp. 63, 74, 99 ; Sur 1928, p. 45;
Covell 1928a, p. 1059 (tarsal banding); Feegrado 1929 6, p. 253;
Edwards 1932, p. 3. See also Liston 1901, p. 441 (jameai) ; James
1902, p. 38 ; Donitz 1902, p. 73 (leucopus) ; Manders 1903, p. 265 ;

Theo. 1902, p. 370 ; 1907, p. 99 ; 1908, p. 288 ; 1910 o, p. 63 ; Brah-
machari 1912, p. 186; Ludlow 1914, p. 55; Sohiiff. and v. Heyden
1917, p. 29; Mangk. 1919, p. 49; Rodenw. 1921, p. 154 (pilot.);

Koidzumi 1924. p. 100; 1930, p. 235; Borel 1925, p. 224; 1929,

p. 51 ; Edw. 1928, p. 260 ; Dyar and Shannon 1925, p. 88 ; Carter

1925, p. 73 ; Barraud and Christ. 1931, p. 274. See also pp. 302, 304
(footnotes).

t Phabynx : in addition to Sinton and Covell, and Barraud and
Covell, see Manalang 1929, p. 431.
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mid-tarsus more narrowly apically banded on same segments ;

hind tarsus with 1 broadly banded with white apically,

2 with about | its length apically white, 3-5 in typical form
continuously white, a dark band present, of var}ang extent,

on base of 3 in many cases (var. adiei, or winter form).

Abdomen dark, with dark hairs ; some dark scales apically,

and especially laterally, on VII-VIII or VI-VIII dorsally,

and commonly with some pale scales on VlEt ; pale scaUng

ventrally at sides on same segments ; cerci with conspicuous

dark scales.

Adtjlt ^.—^In general as in ?. Pcdpi as shown ; marginal

hairs forming about a double row on segment 4. Abdomen
with some scales much as in $, but with conspicuous black

hairs at apex of VIII ventrally : coxites with scales.

Hypopygium : harpago with apical spine very short, shorter

than the club ; a hair almost as long between it and the

club and aboiit three longish hairs on inner side of harpago.

Phallosome a little less than half coxite ; leaflets about six

on each side, the longest a Uttle less than half length of

phallosome ; leaflets blade-shaped, well serrated through
greater portion of length on one side and some serration&

occasionally on the opposite side ; length of longest leaflet

0054 mm.
Pupa *.—Very similar to A. stephensi.

Labva f
.

—

Glypeal hairs : ic conspicuously frayed : oc

half to I length of inner, pinnately branched
;

pc about half

length of outer, 2-4 branched or simple. Inner sutured about
as long as pc and simple or bifid distaUy. Antenna with hair

arising about J length of antenna from base ; terminal hair

split into 3-4 br. Mentum with three teeth on either side of

* Pupa : Senevet 1931, p. 62.

t Lamva : Iyengar 1929 o, p. 640 ; Puri 1927, p. 513 ; 1931, p. 207.

See also Stoph. and Christ. 1902 a, p. 12 ; 1902 6, p. 8 ; James 1902,

p. 38; James and Liston 1904, p. 91 ; 1911, p. 87 ; Stanton 1912 6,

p. 8 ; 191.') a, p. 166 ; 1915 6, p. 253 ; Swell, and Swell. 1919 o, p. 26 ;

Mangk. 1919, p. 49; Lamborn 1921, p. 93 (tail -hooks) ; Senior
White 1925, p. 218 ; Carter 1925, p. 87 ; Strickl. 1925, p. 562 ; Bore!
1925, p. 224 ; 1929, p. 51 ; Walch and Soesilo 1929. p. 463 (pecten).

1. Wing of 9, f standard scale. 2. Palpi of (a) (J, (6) ?, same scale.

8. Vertex. 4. Pharyngeal teeth : (o) front view ; (6) lateral

view, showing both rows of crest-spines ; (c) upper viewof pedument,
showing foreshortened filament and arrangement of orest-spines,.

base of a rod also shown ; (d) rod. 5. Legs : (o) anterior view
of mid-femur; (6) fore leg; (c) mid-tarsus; (d) tiind t«u«us;
(e) hind tarsus, A. philippinensia ; if) ditto, A. paUidtu. 6. Har-
pago. 7. Leaflets of phallosome, standard scale : (a) A. annularis ;

(6) A. palUdua ; (c) A. phiUppmenaia. 8. Clypeal hairs of larva-
(after Puri).
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median tooth, third tooth smaller and placed further back than
the others.

Shoulder hairs : inner and middle hair rising from fused

basal tubercles, both hairs with thickened stem, the inner

usually much dilated in proximal half, but sometimes longer

and less swollen. Metathoracic hair no. 1 forming fairly

well developed palmate hair. Pleural hairs as given under
the group ; dpi with 1-2 lateral branches on one side

;

dp2 about half as long as chitinotis projection of tubercle

;

chitinous bases with spinose projection on each segment.
Palmate hairs well developed on II-VII ; that on I fairly

developed ; filament about f length of blade, serrations

at shoulder deep and well marked ; leaflets pigmented, with
deeper patch at end. Lateral hairs on IV-VI long and
slender, splitting into three about middle on IV and V, and near
base on VI. Tergal plates of moderate size, spc fairly

well marked ; mps fairly broad but not touching chitinisation.

ps hair with 6-8 br., 4 of these fairly long. Pecten strongly

chitinized, with 3-5 long and 10-12 short processes, all

serrated, long processes longer than in most larvse. Caudal
hooks 5-7, fairly well defined.

Egg * .—-Open boat shaped . Upper surface as broad as

egg-body, without distinct demarcated areas and only sUghtly

narrowed in median portion, the part with frill anteriorly

somewhat longer and broader than that situated posteriorly.

Lower surface unornamented. Floats touching margin of
upper sm-face, occupying about middle half of egg ; float-

ridges about 20, rather smooth, regular ; float-terminations

of moderate size. Frill moderately broad, merging gradually
into floats without tags.

Identification.—The black colour, with characteristic

long white area on hind tarsi and non-speckled femora and
tibiae, distinguishes this species from any but those of the
group of somewhat similar forms given below. It is distin-

guished from others of this group by vein 5 being extensively
dark or having at least a dark spot in its middle area.

The following is a synoptic arrangement of Oriental forms
having two or more hind tarsal segments continuously white
and non-speckled femora and tibiae :

—

1. Vein 5 extensively pale, without any dark
area in region of origin of branch ; palmate
hair on abd. seg. I of larva (in pallidua and
phUippinensis) vestigial.

a. Two and a half segments of hind tarsus
continuously pale, segs. 1 and 2 with
apical white bands ; pale apical band on
palp involving half or more of subapical

» Eoo : Steph. and Christ. 1802 a, p. 12 ; Stanton 1922, p. 131

;

Christ, and Barraud 1931, p. 177.
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segment ; scales on abdomen confined
to posterior edge of segment 8 and cerci

.

Not recorded from Indian area schiXffneri.

b. Three tarsal segments continuously pale.

(1) Scattered broad white scales on ventral

aspect of most abd. segments ; no
pale interruption on hind tarsus above
white area ; scales on 5 or 6 segments
dorsally, scaling often rather heavy

;

a scale-patch on stemopleuron ; scale-

tuft on ventral aspect of sog. 7 in $ very
conspicuous. Posterior clypeal hair
of larva with 2-5 br. ; filament of

palmate hair half or more length of

blade. General appearance brownish
rather than black pallidum.

(2) Few or no white scales except towards
apex of venter ; usually some degree
of interruption at apex of seg. 1 of

hind tarsus ; scales usually on last few
segments only dorsally ; stemopleuron
without patch of scales ; scale-tuft on
ventral aspect of seg. 7 in ? present but
not so conspicuous ; dark scales on
lateral posterior angles of tergites often
very conspicuous. Posterior clypeal

hair of larva with 7-10 br. ; filaments of

palmate hair J length of blade. General
appearance black, like A. annularis . . phiUppinensie.

2. Vein 5 not so ; either extensively dark or
there is at least a dark spot in region of

origin of branch. Palmate hair on abd.
seg. 1 of larva well developed.
Two or three hind tarsal segments may be

white, apex of seg. 1 always forming definite

pale spot ; no scattered white scales on
venter except near apex ; scales confined

to last few abdominal segments dorsally

;

few or no scales on stemopleuron ; scale

-

tuft on ventral aspect of seg. 7 in $ incon-

spicuous or absent annidarie.

For immediate purposes a good working table for the
Indian members of this group is as follows :

—

1. Vein 5 in female with a dark spot in region

of origin, of branch ; a well-marked spot
at apex of seg. 1 of hind tarsus annvlaria.

2. Vein 5 in female extensively pale ; no inter-

ruption, or a not very marked one, at apex
of seg. 1 of hind tarsus.

a. No trace of interruption on tarsus ; scat-

tered pale scales over most of venter paUidtis.

b. Varying degrees of interruption, rarely

entirely without ; any scattered pale

scales restricted to last few apical seg-

ments philippiiMnai».

DIPT.—^VOL. IV. X
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Distribution.—With a fairly wide distribution in the

Oriental Region and recorded from* Philippines ; Fobmosa ;

S. China f ; Borneo ; Lesser Sunda Islands (Soemba,
Timor) ; Java (with Noesa Kambangan) ; Sumatra (with

Nias) ; Tonkin ; Annam % ; Cochin China ; Malay
Peninsula ; Siam ; Burma, Ceylon, and India.

In the Indian area A. annularis is recorded from numerous
locahties in all the divisions given by Covell (except the

Andamans and Baluchistan). It has been recorded from
Putao in the extreme north-east of Burma, from 8alween
in the extreme south-east, from Nepal, Kashmir, and the

extreme north-west to Chitral and North Waziristan. For
further particulars, see Covell.

Bionomics.—A . annularis in the Indian area is pre-eminently

a cattle-feeding species, being commonly found, often in very
large numbers, in cattle-sheds and suchlike situations {Fry,

1912; Kcnrick, 1914; Shortt, 1924: Strickl. and Chowdh.,
1928, Duars ; Basu ; Ramsay ; Sweet). It was obtained,

gorged with blood, presumably cattle-blood, among bushes,

grass-tufts, etc., away from habitations (Christophers, 1911).

It is also found commonly in human habitations (Adie, 1905 ;

Graham, 1912, 1913 : Phillips, 1923, Moradabad), but usually

not in such numbers or frequency as in places where cattle

have been kept. Fry notes that it is scarce in bedrooms
;

Shortt states that it comparatively seldom enters dwelling-

houses in Shillong even when numerous in cattle-sheds

;

Watson, 1928, in Assam, caught 2,054 in cattle-sheds and
(50 in houses. Sur and Sur, however, in Bengal, making
systematic catches, found the total about equal in houses
and cattle-sheds. On the whole it is very distinctly a cattle-

loving species as seen in the Indian area. Kingsbury, in the
Federated Malay States, classes it among the non-house-loving
species also.

It feeds readily on both human and animal blood

;

'6 out of 14 specimens caught by Brug and Walch were
attacking man ; Yamada gives it as feeding on human blood
at night ; observed feeding on cattle {Feegrade, 1930, Katha)

;

caught feeding on buffaloes {Brtig and Waich) ; fed readily
in laboratory on blood of pigeons and sparrows {James and
Liston, 1904).

* In all the countries given the occurrence of what appears to be
true A. annularis {fuliginoaus) has been verified by me from figures or
descriptions given by the recorders. Brug, 1926, notes that this species
appears to be absent from Borneo, Celebes, and the northern Sundas,
but it has since been recorded from Borneo by Walch and Soesilo,
Meded. Volks. Ned. Indie, xviu, p. 199, 1929.

t Kinoshita, Arch. f. Schifts. x, p. 640, 1906.

} Given by Brug 1926 c, p. 471.
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Breeding places are by preference clean, "weed-growri,
stagnant waters, notably margins of lakes, tanks, moats,
dead rivers, swamps, also rice-fields, weed-grown ponds,
borrow-pits, backwaters of canals, streams, drains, etc., in pools
in river beds, when these are established with algaj and plants
(Fry, 1912; Kenrick, 1911, 1914; Gill, 1917; Graham,
1914, Kumaon; Phillips, 1923, Moradabad ; Strickl., 1923;
Strickl. and Chowdh., 1928, Duars ; Feegrade, 1927, Hsipaw

;

Basu), 1929 ; in wells with vegetation {Marjoribanks ; Gill,

1917) ; in largo canals with vegetation (Hodgson)
;

grassy
edges of slowly running streams, slow-running jhoras (Ramsay

;

Strickl., and Chowdhury, 1928, Duars).
A. annularis is a powerful flier, covering considerable

distances from its breeding places, and may be seen darting
rapidly, wlien disturbed during the day, among bushes, etc.

(Christ., 1911). It appears to be attracted by light, as it may
often be seen resting on walls near lamps in bungalows, etc.

It winters in North India, both as larva and adult ; larvse

are found throughout the cold season in weedy waters, and
the adults in cow-sheds (Adie, 1905 ; Christophers, 1911 ; James
and Liston, 1911). It has been found breeding at 5,000 feet

in Kashmir (Christ., 1931), and taken up to 7,0<J0 feet (Graham,
1913).

Relation to Disease.-—It has been experimentally
infected with M.T. and Q. malaria and found infected in

nature, but always in very small percentages. Fry in Bengal
found one infection in 1.245 dissections, and considerable
numbers have been dissected by other observers in other
parts of India without any positive result. Swcllengrebel and
Swellengrebel, in a sumrruiry of their results, found only 0-3 per
cent, infected in 693 dissections. It is not thought to be an
important carrier, but Covell notes that the numbers in which
it occurs, for example in Bengal, may make it more impf)rtant

than it might otherwise seem. For further particulars, see

Covell.

41. Anopheles phillppinensis Ludlow, 1902 *. (Fig. 51, 5 e, 7 c.)

Ludlow, Joum. Amer. Med. Assoc. 23 Aug. p. 426, 1902
(A. philippinensis). Typk-loc. : San Jose, Abra, Luzon, P.I.

Type : 2 9 co-types in U. S.Nat. Mus., Washington (vide Byar
and Shannon, Insect. Mens, xiii, p. 88).

nivipef Theo., 1903, Entom. xxxvi, p. 258 (Nyssorhyru^hus nivipes).

Typb-loo. : Kuala Lumpur, F.M.S. Type : Described from
3 $?. Syn. by Christ., Ind. Med. Bes. Mem. no. 3, p. 64, 1924.

/reerce Banks, 1906, Phil. Joum. Sei. i, p. 993 (Pyretop/wrusfrcerce).

Typb-loc. : Manila, P.I. Type : in Bureau of Soi., Manila.
Syn. by Edwards, Gen. Insect. 1932.

* For references, see next page.
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pampangensia Bninetti, 1920, Bee. Ind. Mus, xvii, p. IH
{A. pampangenais). New name for A. philippinensis Ludl.

Syn. by Dyar and Shannon, loc. cit. Bnmetti gave the name
thinking that Ludlow had described two different anophelines

as A. philippinensis, whereas she had only transferred the

species from one genus to another.

This is the A. fuliginosus of Stanton, 1915, and probably of some
other authors. It was conxnioiily knowni in India and Malaya as

A. nivipes or A. fuliginosus var. nivip(is. I have followed Edwards,
1932, in placing A. frcerw as a synonym of A. philippinensis, and
not of A. annularis, as previously given by mo (1924). .4. errabunda
Swell., Ned. Tijds. v. Goneesk. Ixix, p. 1913 (Cellia errabunda), has
been given by Edw., luc. cit.. as a doubtful synonym, and I have
seen specimens of .-1. pliilippinensis in which the lateral tufts wore
very pronounced on a number of segments.

Adult*.—In general very similar to ^4. annularis. In

coloration it may be a somewhat brown mosquito, but more
usually it is darker and closely resembles the above-mentioned
species. It differs, similarly to A. pallidus, in that the wing
is lighter and the fifth vein extensively pale ; there is usually

no bridging of the subcostal spot in the female. Scaling

is sometimes present on the pleura but is usually absent,

as in annularis. Scaling of the abdomen is not so profuse

on the dorsum of the segments as in A. pallidus, but the

dark scales towards the posterior external angles of the termiiial

abdominal segments and on the under surface of these are

usually more pronounced. The amount of white on segment 2

of the hind tarsus is variable, but often exceeds |, which
is usually seen in A. annularis. There is usually some pale

mark at the apex of segment 1, and this may be distinct, but
commonly it is much less distinct than in A. annularis.

Pharynx f : very similar to A. annularis.

Hypopygium X : very similar to A. annularis. The leaflets

of the phallosome are of the same general character, and
serrated in their whole length.

Pupa.—Undescribed.
Laeva §.—In general similar to A. annularis, ic con-

spicuously frayed and branches longer than in A. pallidus
;

oc with the main hair spht into two or three, each division with
long lateral branches, giving appearance somewhat like a broom,
with a very short handle

;
pc split at their base into 5-11

br. which spread out like a fan and lie in one plane.

* Systematic: Ludlow 1902 o, p. 128 ; 1902 6, p. 426 ; 19U a, p. 57 ;

Theo. 1907, p. 103 ; 1910 a, p. 63 ; Christ. 1916 o, p. 46.5 ; 1 924 6, p. 300 ;

1924 c, pp. 64. 100 ; Dyar and Shannon 192.5, p. 88 ; Sur 1928, p. 45 ;

C!oveU 1928 6, p. 1063.

t Pharnx: see also Manalang 1929, p. 431.

% Hypopyoium : Christ. 1915, p. 393 (nivipen).

§ Larva: Stanton 1915 a, p. 166; Chowdh. 1928 a, p. 39: 1928 fc

p. 41 ; Iyengar 1929 a, p. 642 ; Puri 1927, p. 514 ; 1931, p. 213.
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Inner sutural 2-4 br. Mentum with the number of teeth
variable, usually with three adequate teeth on each side

of the median tooth and a small tooth further back, some-
times lacking. The shoulder hairs are shorter and basal

tubercles not so strongly chitinised and conspicuous as in

A. pallidus. Palmate hairs present on I-VII ; leaflets

deeply pigmented a little proximal to the distal end, which
is fairly light in colour, the filament about ^ length blade.

Egg.—Characters as yet doubtful (vide Christ, and Barravd,

1931, p. 177).

Distribution.—A. philippiTiensis has been recorded only
from relatively few countries in the Oriental Region, but this

is probably due to its not having been generally recognized
up to date as distinct from A. annularis. The following are

countries in which it is so far known to occur :

—

Philifpinks
;

SuMATHA *
; .Java j : Tonkin J ; Cochin China ; Siam

;

Malay Peninsi;la ; India and Buema.
In the Indian area recorded from the eastern areas as far

west as Bihar (Piirnea) and Chota Nagpur, and also from the
West Coast (Malabar, Konkan, and Mysore).

Bionomics.—A. philippinensis has been found in houses,

cattle-sheds and stables {Stanton, 1920; Feegrade, 1926,

Bhamo ; Ramsay ; Sur and Sur ; Sweet),

In the Andamans the species was found breeding by Christo-

I)hers, 1912, and by Covell. 1927 (Andamans), in rice-fields,

rush-swamp, and a tank covered with water-weed. Feegrade
(Bhamo, Kyaukpyu), found the larvae in quiet and shaded
parts of a lake, ends of inundated nullahs and ponds, pools

and borrow-pits with vegetation. Ramsay in Assam gives

seepage water, tanks, pools, drains, ditches, swamps, borrow-
pits, rice-fields, and grassy edges of very slowly running
streams.

Relation to Disease.—No evidence.

42. Anopheles pallidas Theo., 1901 §. (Fig. 51, 5/, 7 b.)

Theo., Mono. Cul. i, p. 134, 1901 {A. fuliginoaus var. pallida).

Type-loc. ; Sambalpur, Orissa, India. Type : $ in Brit. Mub.

fowleri Christ., 1911, Paludism, no. 2, p. 64 {Neocellia fowleri).

Type-log. : Amritsar, Punjab, India. Type : (J and $ in
Brit. Mus. Syn. by Christ., Ind. Med. Res. Mem. no. 3, p. 65,

1924.

* Brug and Edwards, 1931.

t Swell, and Rodenw., 1932.

X Morin, Farinaud, and Toumanoff, 1931.

§ Systematic: Chri8t..l911 a, p. 64(/o«>?erj:) ; 1916o, p. 465(/'o«)fen);

1924 6, p. 297: 1924 c, pp. 64, 100; Sur 1928, p. 45; Dyarand Shannon
1926, p. 88 ; Soesilo 1932.
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Adult.—Very similar to A. annularis, but general

coloration brown in place of black and with lighter wings.

The sternopleuron has a considerable number of pale scales.

The markings of the wing show more extended pale areas
;

vein 5 has no dark spot in its middle portion ; subcostal

spot not bridged by dark on vein 1 : base of costa often

more pale than darkl Between
I
and half of segment 2 of hind

tarsus is pale, and there is never any trace of a pale inter-

ruption on the tarsus above the extended pale area,

I.e., segment 1 of hind tarsus is entirely devoid of any trace of

apical banding. The abdomen usually shows some scales

from segment 4 onwards, rather as in 4. stephensi, the amount
of scaling present and the number of segments affected being

variable. The venter has scattered broad white scales on
most segments, and there is a conspicuous scale-tuft at aj)ex

of segment 7 in the male.

Pharynx : very similar to A. annularis.

Hypopygium *
; very similar to A. annularis ; leaflets

about five on each side, serration in full extent, possibly

somewhat smaller and narrower than in A. annularis

(0-045 mm.).
Pupa .—Undescribed

.

Labva f.—Very similar to A. annularis, but inner clyj)eal

hairs more chitinised, with somewhat more numerous, though
shorter, branches, and these tending to become plumose
on distal fourth of hair ; main portion of oc commonly split

into 2 or 3 : pc with 2-5 br. (usually 3) ; inner sutural with
3-8 br. (usually 5) ; mentum with nine teeth, the posterior

three in each row adequal, the anterior one somewhat smaller
;

palmate hair on thorax better developed ; palmate hairs

well developed on segments II-VII, that on segment 1 poorly
developed.

Ego J.—Differing from A. annularis onlj' in that the
floats are noticeably very smooth ; float-ridges possibly

slightly broader, with the number not exceeding 18.

Distribution.—Outside the Indian area recorded only
from SiAM § and Sumatra

|| ;
probably existing, but as yet

unrecognized, in many areas.

In the Indian area recorded from iocahties throughout
Upper and Lower Burma, the greater part of the Peninsula
and Ceylon, but not north or west of Amritsar and Gujranwala

• Hypopyoium : Christ. 1916, p. 393.

t Labva : Kenrick 19M. p. 65 ; Iyengar 1929 o, p. 641 ; Puri 1927,
p. 513 ; 1928 6, p. .521 ; 1931, p. 209.

t ^aa Christ, and Barraud 1931, p. 177.

§ Ban-aud and Christ. 1931, p. 277.

y Swell, and Rodenw. 1932, p. 173.



ftROUP NEOCKLLIA 311

in the Punjab, from Rajputana, Kathiawar, Sind, or Balu-
chistan.

Bionomics.—Is taken in houses, cow-sheds etc., {Kenrick,

1915 ; Ooverdhan, 1912 ; Basu ; Sur and Sur ; Sweet),

but especially abundantly in some places in stables and
cow-sheds {GUI and H. Singh, 1920).

The breeding places are in general somewhat similar to

those of A. annularis, and are recorded as lake-margins
{Annandale and Kemp), ditches and ponds with vegetation
(Iyengar, 1926), and also in shallow pools in beds of small
streams and small ponds with vegetation along the edges
(Puri, 1931). The species, in Central India at least, shows
a special relation to rice cultivation, the larvae being found
in the rice-fields themselves, collections of water in embanked
fields and ditches in the neighbourhood of rice cultivation
(Kenrick, 1914).

Relation to Disease.—No experimental work has been
done with the species, and the only authentic record of
infection in nature is the finding of oocysts in two specimens
in the Chanda Dist. of the Central Provinces by Goverdhan,
quoted by C!ovell.

43. Anopheles pulcherrimus Theo., 1902 *. (Fig. 52.)

Theobald, Proc. Roy. Soe. Ixix, p. 369, 1902 (A. pulcherrimus).
Type-loc. : Lahore, Punjab, India. Type : described from
3 $9 ; type in Brit. Mus. Also described by James, Sci. Mem.
no. 2, p. 48, 1902, from same locality, under same name, but
Theobald's description has precedence (see Christ., 1924 c, p. 69).

atropoiosnce Lindtrop, Russ. Journ. Trop. Med. 1924, no. 3, p. 38
(A. pulcherrimux var. atropolcenai). Type-log. : Azerbaijan,
Caucasus. Syn. by Shingarew, Bull. Soc. Path. Exot. xix,

p. 897, 1926.

Adult $.—Size medium to rather large (length of wing
2-7-4-4 mm.).
Head : scales of usual type, with a large pale vertical area

;

vertical chajtse white, the anterior ones forming cluster

of about twelve flattened chaetae, making a conspicuous

frontal tuft ; ocular scales broad, forming dense overlapping

line ; broad oval scales carried forwards in middle line.

Antenna with numerous small white scales on torus ; first

five or so flagellar segments with white scales. Paipi shaggy,

especially in basal part ; apical segment long, about half

or more preapical, index 0-5-0-6
; with four white bands,

including the pale apex.

• Systematic : Theo. 1902, p. 369 ; 1903, p. 107; James and Listen

1904, p. 86 ; 1911, p. 116 ; Edw. 1921 6, p. 277 ; 1926, p. 279 ; Martini

1930, p. 182. See also Vaasiliev 1913 ; Christ. 1916 a, p. 476 ; 1924 c.

pp. 68, 102 ; S6guy 1924. p. 163.
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Pharynx : filament rather long, broad, flat, tapering

to point, without spicules ; lateral teeth large ; crest with

double row of spines, bifid in posterior view.

Thorax with some pale scales at apex and on basal posterior

aspect of apn. Mesonotum greyish, with lateral areas and
fosssB not noticeably darker ; the whole area, including the

fossae and lateral areas, evenly covered with broad, oval,

almost orbicular, dull, opaque white scales, a conspicuous

Une in front of wing-roots and lateral tufts on the promontory,

with numerous dark scales on face of promontory. Pleurae

with conspicuous patches of broad white scales on sterno-

pleuron, mesepimeron, and elsewhere ; spiracular hairs

replaced by tuft of white scales.

Wings as in fig. 52, 1 ; base of costa with two dark accessory

spots ; vein 6 usually with three dark spots ; apex of wing
pale to and including vein 3 ; an extra fringe-spot between
veins 5.2 and 6 ; border scales and fringe pale from a little

internal to vein 6.

Legs with front femora very shghtly swollen in basal half.

Femora on all legs pale beneath, front pair mainly pale, with
dark speckling ; middle pair dark above, with a white streak

and a conspicuous oval spot on anterior aspect towards
apex ; hind pair with a similar but smaller spot ; all with a dark
ring near base about equal to diameter of part. Tibiae

mainly pale, with a black streak and dark towards apex,

but actual apex on mid- and hind tibise pale. First tarsal

joint mainly pale, darker at ends, front tarsus apically

banded on 1-3, mid on 1-2 and hind tarsi ornamented as

shown, with last three and from one-half to one-third of the
preceding continuously pale.

Abdomen with dorsum of all segments (including I) densely
covered with broad, white, battledore-shaped scales, some
erect black scales of similar type at comers of tergites forming
small but conspicuous tufts, those on middle segments most
prominent. Stemites and pleurae similarly covered. Cerci

densely tufted with scales.

Adult ^.—^In general as in ?. Antenna with a few black
scales on fiirst flagellar segment. Palpi ornamented as
shown in figure ; marginal hairs forming a row four or five

deep on either side of seg. 4. Coxites with numerous scales.

Hypopygium *
: harpago with apical hair at least half

as long again as club, with a small hair only between it and
club and two somewhat larger hairs internal to apical hair ;

harpago with numerous small hairs at apex as well as on
inner aspect. Phallosome somewhat over J length of coxite ;

devoid of leaflets.

HYrorronm: Christ. 1915, p. 394.
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Fig. 52.

'*§!

^ . pulcherrimus.

1. Wing of $ I standard scale. 2. <J and ? palp, same scale.

8. Pharyngeal teeth : (a) anterior view of cone ; (6) same, lateral

view, one row of crest-spines only shown j (e) posterior view of

crest. 4. Legs : (o) front legs ; (fc) mid-femur ; (c) hind leg.

5. Segments III-VI of abdomen, showing scaling. 6. Apex of har-
pago. 7. Apex of phallosome. 8. Clypeal hairs of larva. 9. Leaflets

of palmate hair. 10. Spiracles and median plate of scoop.

(8-10 after Puri.)
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Pupa *.

—

Paddle : external border with long, fine, sharp
spines on posterior half extending to posterior border and
followed by short distance of fine scattered hairs which do
not pass the paddle-hair. Paddle-hair long, curved ; ace.

hair simple.

Spine : (VIII) about half segment. (V-VII) ^ to half

segment or somewhat more. (IH-IV) small, blunt. Ace.

hair 1-3 br.

Hair B : (in-VII) branched.
Hair V : (V-VII) simple, longer than segment. (IH-IV)

branched, half to § segment. C (VI) simple.

Larva f
.

—

Clypeal hairs : ic with fine lateral branches
in distal two-thirds ; oc a little more than half length inner,

ending in 4-12 adequal br.
;

j)C half length outer, 1-4 br.

Arvtenna with hair arising ^—| length of antenna from base
;

terminal hair branched ; inner distal truncated edge of

antenna produced into spinous projection. Mentum with
four teeth on either side of median tooth, the anterior three
adequal and equidistant.

Shoulder hairs : both hairs branched, not very stout ;

inner very variable in size and with or without a well-marked
basal tubercle. Metathoracic hair no. I forming fairly well-

developed palmate hair. Pleural hairs as given for the
group ; dp 1 with one or two lateral branches on one side.

Palmate hairs well developed on II-VII ; that on I poorly
developed : leaflets deeply pigmented at ends, the filament

about as long as the blade, the alioulder indentations fairly

deep and aggregated. Lateral hairs on IV-VI long, slender,

3-5 br. : that on VII very short, with 4-5 br. Tergal plates

small, spc poorly developed ; mps produced on each side

into small processes which nearly touch chitinisation, the plate

with the pigmented area forming a double band, ps hair
with 6-8 br., 4-5 of which are long. Pecten with 4 long and
8-10 short processes.

Egg J.—Very flat and shallow. Upper surface as wide
as the egg, middle portion not perceptibly narrowed, covered
throughout with small pale punctse. Lower surface un-
omamented. Floats touching margin of dorsal surface,

but with frill intervening, rather short and occupying only
about middle half of egg : float-ridges about 16, rather regular
and smooth. Frill broad, continued round margin of dorsal
surface and striated anteriorly and posteriorly, part lying
over floats unstriated, somewhat narrower and transparent.

* Pupa : Vassiliev 1913 ; Senevet 1931, p. 41.

t Labva : Steph. and Clirist. 1902 6, p. 9 ; James and Listen 1904,
p. 87 ; 1911, p. 118 ; Vassiliev 1913 ; Montchadsky 1930, p. 653 (spir.

app.) ; Puri 1928 b, p. 323 ; 1931, p. 216.

t Eoo : Steph. and Christ. 1902 6, p. 9 ; Vassiliev 1913 ; Christ, and
Barraud 1931, p. 180.
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Identification.—This species cannot be confused with

any other in the Indian area owing to the densely scaly

abdomen with conspicuous projecting lateral tufts. The
only other species in the Indian fauna which may approach

this condition is A. philippinensis, which does not occur

in the same districts, and has the legs quite differently marked.

Distribution.—A. pulcherrinms has a distribution which

includes the great alluvial basins of the Tigris and Euphrates,

the Oxus, the Syr Darya, and the Indus. It has been recorded

from Caucasus (Azerbaijan) ; Mesopotamia ; Persia ; Tur-
kestan (Transcaspia, Taschkent, Samarkand, Fergana)

;

Bokhara ; N.W. India.

In the Indian area it is recorded from numerous localities

in the North- West, including Baluchistan, the N.W. Frontier

Province, Sind, Oujarat, the Punjab, and the western United

Provinces.

Bionomics.—A. pulckurnnmii is found in houses, cattle-

sheds, tents, barracks, etc., often in very large numbers
{Vassiliev \ Christ, and iShortt : Richmond and Mendis).

In the Punjab it is commonly foimd resting in situations

that are lighter than those selected by other species, e.g.,

verandahs. It feeds on man and animals and may attack not

only at night or in the evening, but viciously by day, being

a very bold feeder ; it also commonly attacks in the open
(Christ, and Shortt : Potion ; Vassiliev ; Brodski).

It breeds in Mesopotamia, especially in open weedy water,

and is found everjTvhore in the larger swamps (Christ, and
Shortt), also in stagnant collections with vegetation, sometimes

brackish (Fatten ; Barraud, 1920), and in Turkestan in rice-

fields and pools formed by subsoil water (Vassiliev). It is

a powerful flier and appears often to be carried long distances

on the wind, since it frequently occurred in numbers in Meso-

potamia following dust-storms, and has been taken on board

ship 15| miles from the nearest land (Wright, 1918). It is

stated to be attracted by hght (Vassiliev: Lindtrop, 1925).

In Taschkent it hibernates in the larval stage (Khodukin).

Relation to Disease.—The species has been infected

with B.T. to the sporozoite stage, and has been found infected

in nature in Central Asia ; also by Covell and Baily in Sind

(5 gut infections in 453 dissected).
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PART IV.—BIBLIOGRAPHY.

Sections.

A. List of Recent important Publications dealing with Indian Ano-
phelini.

B. List of Catalogues, Keys and certain General Works of a similar

nature dealing with Indian Anophelini ; these are not quoted in

the footnote references, except for special reasons.

C. Bibliography of Systematic References to Indian Species.

D. List of the more important References dealing with Distribution

of Indian Species.

K. References quoted in Ihe Sections on "Bionomics" and "Relation
to Disease."

A.

—

List of Recent impobtant Publications dealing
WITH Indian Anophelini.

Systematic.

Synoptic Table for the Identification of the Anopheline Mosquitoes
of India. By Christophers, Sinton, Covell, and Barraud.
Health Bulletin, no. 10, 2nd ed. 1931. ttovt. of India, Central
Publication Branch, Calcutta. Price 4 annas.

Synoptic Tables for the Identification of Full-grown Larvse of the
Indian Anopheline Mosquitoes. By Puri. Health Bulletin,

no. 16, 1930. Ditto. Price 6 annas.

Larvffi of Anopheline Mosquitoes, with full Description of those of the
Indian Species. By Puri. Ind. Med. Res. Mem. no. 21, 1931.
Thacker, Spink & Co., Calcutta. Price Rs. 11-8-0.

The Eggs of Indian Anopheles, with Descriptions of the hitherto undes-
cribed Eggs of a niunber of Species. By Christophers and
Bai-raud. Records of the Malaria Survey of India, ii, pp. 161-
192, 1931.

DistribiUion.

The Distribution of Anopheline Mosquitoes in India and Ceylon.
By Covell. Ind. Med. Res. Mem. no. 5, 1927. Thacker, Spink
and Co., Calcutta. Price Rs. 3-8-0.

Ditto. Additional Records. By Covell. Records of the Malaria
Survey of India, ii, pp. 225-268, 1931.

The Distribution of Anopheline Mosquitoes in India. By Covell.
Health Bulletin, no. 17, 1931. Govt, of India, Central Pub-
lication Branch, Calcutta. Price 4 annas.

Infectivity.

A Critical Review of the Data recorded regarding the Transmisgion
of Malaria by the different Species of AnopMee ; with notes
on Distribution, Habits, and Breeding-places. By Covell. Ind,
Med. Res. Mem. no. 7, 1927. Thacker, Spink and Co., Calcutta.
Price Rb. 3-4-0.



BIBLIOGRAPHY. 317

The Present State of our Knowledge regarding the Transnnission of
Malaria by the different Species of Anopheline Mosquitoes.
By Covell. Records of the Malaria Survey of India, ii, pp. 1-48,

1931.

Technique.

Instructions for collecting and forwarding Mosquitoes. Health
Bulletin, no. 13, 1927. Govt, of India, Central Publication
Branch, Calcutta. Price 2 annas.

How to do a Mosquito kSurvey. By Christophers, Sinton, and Covell.

Health Bulletin, no. 14, 2nd ed., 1931. Ditto. Price 10 annas.

Anti-Mosquito Measures.

Anti-Mosquito Measures, with special reference to India. By Covell.

Health Bullotui, no. 11, 2nd ed., 1931. Ditto. Price 5 annas.

B.

—

List of Catalogues, Keys, and certain General
Works of a similar nature dealing with Indian
Anophelini.

(These are not quoted in the footnote references, except for special

reasons. For full references, with titles, see main Bibliography.)

ALcocK.^Journ. Lond. Sch. Trop. Med. ii, p. 153, 1913.

Blakchard.—Les Moust. 190o.

BnuNBTTi.—Reo. Ind. Mus. i, p. 297, 1907.

Ihid. iv, p. 403, 1912.

Ibid, xvii, p. 1, 1920.

Chkistophers.—Ind. Journ. Med. Res. iii, p. 454, 1916.

Christophers, Sinton, and Covet.l.—Svnoptic Table (Health Bull.
no. 10), 1927.

Giles.—Handb., ed. 1, 1900.

lUd. ed. 2, 1902.

Ihid. Revision, 1904.

Patton and Cbaoo.—Textb. Med. Entom. p. 220, 1913.

Ptjri.—Ind. Journ. Med. Res. xvi, p. 519, 1928 (larva).

Synoptic Table (Health Bull. no. 16), 1930 (larva).

Senior White.—Cat. Indian Insects, pt. 2, 1923.

Strickland.—Short Key Anoph. Mosq. Malaya, 1913.

Short Key Larvse Malaya, 191.5.

Short Key, both sexes, 1925.

Strickland and Chowdhxtry.—Illustrated Key Larvae, India. Ceylon,
and Malaya, 1927.

Ditto, India to the Antipodes, 1931.

For brevity the following works on the pharynx are not repeated
in the footnote references, but should be understood to refer to
practically all the Indian species :

—

Sinton and Covull.—Ind. Journ. Med. Res. xv, p. 301, 1927.

Barraud and Covell.—Ibid, xv, p. 671, 1928.

Trans. 7th Cong. F.E.A.T.M. 1927, iii, p. 98-102, 1929.
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C.

—

Bibliography of Systematic References to
Indian Species *.

Adie. 1911 [with Gill and Kkishna Rao].— Re<luction of Palpal
Bands in A. maculaius. Paludisni, no. 3, p. 64.

Alcock, a. 1913 a [with S. h. M, SitmmersJ. Remarks on the
Systematic Position of AnopheUn sinensis Wiedemann. Journ.
Lond. Sch. Trop. Med. ii, p. 101.

1913 6.—Synopsis of the Anophehne Mosquitoes of Africa
and of tlie Oriental Region. Ihid. ii, p. 153.

Baini Prashai>. 1918.—The Description and Life-history of a new
Species of Anopheles that broeils in Holes in Trees. Roc. Ind.

Mus. XV, p. 123 (A. armandalei).

Baisas, F. E. 1931 a.—The barhirosfris-hiircanus group of the
Philippine Anopheles. Phil. Journ. Sei. xliv, p. 425.

1931 b.—Tlie Moiphology of some Philippine Anopheles. Rev.
Filipina de. Med. y Farm, xxii (unpagofi).

Banks, C. S. 1906.—A List of Pliilippine Culicidae, with Descriptions

of some new Species. Pliil. tloiu'ii. Kci. i, p. 977 (mangyana,
freera:).

1914.—A new l'hilip])iue Malaria Mosquito. Phil. Journ. Sci.,

D, ix, p. 405 (febrijem).

Bakbek. M. a. 1918. —Some Ob.iervations and Experhneuts on
Malayan Anopheles, Avitli special I'eforenre to the Transmission
of Malaria. Phil. Journ. Sci., B, xiii, p. 1.

Bakkaud, P J., and Christophers, S. R. 1931.—On a Collection of

Anopheline and Culicine Mosquitoes from Siam. Rec. Mai.
Surv. Ind. ii, p. 269.

Bakbatd, p. J., and Covbll, 0. 1928.—The Morphology of the Buccal
Cavity in Anopheline and Culicine Mfisquitoes. Ind. Journ.
Med. Res. xv, p. 671.

1929.—The Morphology of the Buccal Casity of the Mosquito.
Trans. 7th Congr. F.E.A.T.M. iii, p. 98.

Blanchabd, R. 1905.—Les Moustiques. Paris, 1905.

BoKEL, E. 1925.—Contribution a Petude des moustiques de I'lndochine.
Arch. Inst. I'ast. Indochine, no. 2, p. 222.

1929 a.—Les nioustiques do la Cochinehine et du Sud-Annain
Anophelines. Ihid. no. 9, p. 23.

1929 6.—Nomenclature des moustiques de la Cochinehine
et du Sud Annam. Trans. 7th Congr. F.E.A.T.M. iii, pp. 165-168.

Brahmachaki, U. N. 1911.—On an Anopheline allied to Myzomyia
listmti. Ind. Med. Gaz. xlvi, p. 268.

1912.—On some new Anophelines of Calcutta and on the Seasonal
Prevalence and Variations of Anopheles ftdiginosus of Calcutta.
Ibid, xlvii, p. 186.

Brvq, S. L. 1925.—Aanteekeningen omtrent muskieten. III. Geneesk.
Tijds. Ned.-Ind. Ixv, p. 661.

1926 a.—Lophoscelomyia annandalei var. djajaaanenais, nov.
var. Ibid. Ixvi, p. 591.

* For works on structure, distribution, bionomics, etc., see under
respective sections in Part I. and the special lists given at the end of this

Bibliography dealing with distribution and bionomics. References
•dealing only with synonymy outside India are fully quoted, but without
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APPENDIX.

THE DISTRIBUTION OF ANOPHELINE MOSQUITOES
IN INDIA,

GIVING Subdivisions and Distbicts from
WHICH KECORDED.

[Taken, with Government's and the Author's permission, from ' Health
Bulletin, No. 17 (Govt, of India) : the Distribution of Anophe-
line Mosquitoes in India,' by Major G. Covell, Part I. For
subdivisions, see accompanying map (fig. 53) ; for districts, see
District Map of India, published by Survey of India. For
actual localities from which recorded in the districts, see Covell's-

Memoir and Supplement. For all ordinary purposes the district

gives sufficiently adequate information regarding distribution.]

aconitus.

Andamans. Assam : Cachar, Darrang, Goalpara, Kamrup,
Lakhimpur, Nowgong, Sibsagar, Sylhet. Bengal : Backer-

gunge, Bogra, Burdwan, Calcutta, Chittagong, Dacca, Dar-
jeeUng, Dinajpur, Faridpur, Hooghly, Howrah, Jessore,

Khulna, Malda, Murshidabad, Nadia, Noakbali, Rangpur,
Tippera, 24-Parganas. Bihar : Purnea. Burma, Lower :

Akyab, Kyaukpyu, Salween. Burma, Upper : Bhamo,
Hsipaw State, North Hsenwi State, Upper Chindwin, Yaung
Hwe State. C.P. East : Raipur. C.P. West : Hoshanga-
bad, Jubbulpore. Ceylon. Konkan : Savantvadi State.

Madras Coast N. : Kistna, Vizagapatam. Malabar :

Travancore State. Mysore State : Bangalore, Chitaldrug,

Kadur, Mysore. U.P. East : Gorakhpur.

aitkeni.

Andamans, Assam : Cachar, Darrang, Khasi and Jaintia.

Hills, Lakhimpur, Sibsagar. Bengal : Darjeeling, Jal-

paiguri. Burma, Upper : North Hsenwi State, Uj^r
Chindwin, Yaung Hwe State. Ohota Nagpur : Singhbhum.
Konkan : North Kanara, Savantvadi State. Madras Coast
N. : Vizagapatam. Madras S.E. : Coimbatore, Madura,

Nilgiris, North Arcot. Malabar : Coorg Province, Malabar.

Mysore State : Kadur.
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aitkeni var. bengalensis.

Bengal : Darjeeling.

antiandulei.

Assam: Cachar, Khasi and Jaintia Hills. Bengal:
Darjeeling. Ceylon.

annandalei var. interruptus.

Bengal : Darjeeling.

anmdaris [Juliginosus).

Assam : Cachar, Darrang, Goalpara, Kamrup, Khasi and
Jaintia Hills, Lakhimpur, Nowgong, Sibsagar, Sylhet. Ben-
gal : Backergunge, Birbhum, Bogra, Burdwan, Calcutta,

Chittagong, Cooch Behar State, Dacca, Darjeeling, Dinajpur,

Faridpur, Hooghly, Howrah, Jalpaiguri, Jessore, Khulna,
Malda, Midnapur, Murshidabad, Mymensingh, Nadia, Noa-
khaU, Pabna, Rajshahi, Rangpur, Tippera, 24-Pargana8.

Beeak : Amraoti, Yeotmal. Bihak : Bhagalpur, Darbhanga,
Gaya, Patna, Purnea, Santal Parganas, Shahabad. Bombay
Deccan : Bolgaum, Dharwar, Nasik, Poona, Satara. Buema,
Lower : Akyab, Kyaukpyu, Myaungmya, Rangoon, Salween,

Tharawaddy. Burma, Upper : Bhamo, Hsipaw State, Katha,
Magwe, Mandalay, Minbu, Myitkyina, North Hsenwi State,

Putao, Upper Chindwin, Yamethin, Yaung Hwe State.

Central India E. : Rewar State (Baghelkand Agency).
Central India W. : Bhopal State, Gwalior State, Indore State.

C. P. East : Raipur. C. P. West : Balaghat, Betul, Bhan-
dara, Chhindwara, Damoh, Hoshangabad, Jubbulpore, Mandla,
Nagpur, Narsinghpur, Saugor, Seoni. Ceylon. Chota
Nagpub : Hazaribagh, Ranchi, Singhbhum. Delhi
Province. Gujarat : Ahmedabad, Baroda State, Daman,
Gohelwar, Jhalawar, Kaira, Palanpur State, Surat. Hydera-
bad South : Atraf-i-Balda. Kashmir. Konkan : Bombay
City, Goa, Kolaba, North Kanara, Salsette Island, Savantvadi
State. Madras Coast N. : Ganjam, Nellore, Vizagapatam.
Madras Deccan : Anantapur, Bellary, Cnddapah, Kunool.
Madras S.E. : Chingleput, Coimbatore, Madras City, North
Arcot, Salem, South Arcot, Tanjore. Malabar : Coorg
Province, Malabar, Travancore State. Mysore State :

Bangalore, Chitaldrug, Kadux, Mysore. Nepal. N.W.F.P. :

Chitral State, Hazara, Kohat, Peshawar, Swat Territory..

Obissa : Angul, Cuttack, Patna State, Puri, Sambalpur.
Punjab E. & N. : Ambala, Amxitsar, Attock, Ferozepore,
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Gujranwala, Gujrat, Gurdaspur, Gurgaon, Hissar, Hoshiarpur,

Jhelum, Jullundur, Kangra, Kapurthala State, Karnal,

Lahore, Patiala State, Kawalpindi, Rohtak, Sialkot, Simla.

Punjab S.W. : Mianwali, Montgomery, Multan, MuzafPargarh.

Rajputana E. : Ajmer-Merwara Province. Sind : Hydera-

bad. U.P. East : Allahabad, Basti, Benares, Cawnpore,

Fyzabad, Ghazipur, Gorakhpur, Jaunpur, Lucknow. U.P.

West : Agra, Bareilly, Bijnor, Dehra Dun, Farrukhabad,

Meerut, Moradabad, Muttra, Muzaffarnagar, Naini Tal,

Pilibhit, Saharanpur, Shahjahanpur. Wazibistan : Bannu
Area, Derajat Area.

barbirostris.

Anbamans. Assam : Cachar, Darrang, Goalpara, Kamrup,
Khasi and Jaintia Hills, Lakhimpur, Nowgong, Sibsagar.

Bengal : Backergunge, Bankura, Bogra, Burdwan, Calcutta,

Chittagong, Dacca, Darjceling, Dinajpur, Cooch Behar State,

Faridpur, Hooghly, Howrah, Jalpaiguri, Jessore, Khulna,
Malda, Midnapur, Murshidabad, Mymensingh, Nadia, Noak-
hali, Pabna, Rajshahi, Rangpur, Tippera, 24-Parganas.

Bihar : Bhagalpur, Darbhanga, Patna, Purnea. Bombay
Deccan : Belgaum, Dharwar, Nasik, Poona, Sholapur.

Burma, Lower : Akyab, Hanthawaddy, Kyaukpyu, Insein,

Rangoon, Salween, Tharawaddy. Burma, Upper : Bhamo,
Hsipaw State, Katha, Mandalay, Minbu, Myitkyina, North
Hsenwi State, Thayetmyo, Upper Chindwin, Yamethin,
Yaung, Hwe State. Central India W. : Bhopal State,

Indore State. C. P. West : Betul, Bhandara, Damoh,
Hoshangabad, Jubbulpore, Mandla, Nagpur, Saugor. Ceylon.
Chota Nagpur : Hazaribagh, Singhbhum. Delhi Pbov. :

Gujarat : Baroda State, Daman, Diu, Surat. Konkan :

Bombay City, Goa, Kolaba, North ELanara, Salsette Island,

Savantvadi State. Madras Coast N. : Godaveri, Nellore,

Vizagapatam. Madras Deccan : Annantapur, Bellary,

Cuddapah, Kumool. Madras S.E. : Chingleput, Coimbatore,

Madras City, Madura, Nilgiris, North Arcot, Salem, South

Arcot. Malabar : Coorg Province, Malabar, Travancore

State. Mysore State : Bangalore, Chitaldrug, Kadur,

Mysore. Punjab E. & N. : Amritsar, Ferozepore, Gurgaon,

Karnal, Lahore. U.P. East : Ballia, Cawnpore, Ghazipiu-,

Gonda, Gorakhpur. U.P. West : Agra, Bareilly, Bijnor,

Meerut, Moradabad, Naini Tal, Pilibhit, Saharanpur, Shah-

jahanpur.

bcvrbirostris var. ahomi.

Assam : Lakhimpur.
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barianensis.

Kashmir : Punjab E. & N. : Ambala, Kangra, Rawal-
pindi, Simla.

culicifacies.

Assam : Cachar, Goalpara, Kamrup, Kbasi and Jaintia

Hills, Lakhimpur, Nowgong, Sibsagar. Baluchistan i

Loralai, Quetta-Pisbin, Zhob. Bengal : Birbhum, Bogra,
Burdwan, Calcutta, Dacca, Darjeeling, Dinajpiir, Howrah,
Jalpaiguri, Jessore, Khuliia, Malda, Murshidabad, Nadia,
Pabna, Rajshahi, Rangpur, 24-Pargana8. Berab : Amraoti,
Yeotmal. Bieab: Bhagalpar, Charaparan, Darbhanga,.
Gaya, Patna, Pumea, Santal Parganas, Shahabad. Bombay
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Deccan : Ahmednagar, Belgaum, Dharwar, Khandesh West
Nasik, Poona, Satara, Sholapur. Bubma, Lowbe : Salween
Burma, Uppek : Bhamo, Hsipaw State, Katha, Magwe
Mandalay, Minbu, Myitkyina, North Hsenwi State, Thayet
myo, Upper Chindwin, Yamethin, Yaung Hwe State
Central India E. : Rewah State (BagheUkand Agency)
Bundelkand Agency. Central India W. : Bhopal State

Gwalior State, Indore State. C.P. East. Bilaspur, Raipur
CP. West : Balaghat, Betul, Bhandara, Chhindwara, Damoh
Hoshangabad, Jubbulpore, Mandla, Nagpur, Narsinghpur
Nimar, Saugor, Seoni. Ceylon. Chota Naopue : Hazari
bagh, RancW, Singhbhum. Delhi Prov. Gujarat : Ahmeda
bad, Baroda State, Daman, Gohelwar, Halar, Jhalawar
Kaira, Palanpur State, Sorath, Surat. Hyderabad N.
Aiirangabad. Hyderabad S. : Atraf-i-Balda. Kashmir
Kohala. Konkan : Bombay City, Goa, Kolaba, North
Kanara, Salsette Island, Savantvadi State, Thana. Madras
Coast N. : Ganjam, Nellore, Vizagapatam. Madras Deocan :

Anantapur, Bellary, Cuddapah, Kurnool. Madras S.E. :

Chingleput, Coimbatore, Madras City, Madura, Nilgiria,

North Arcot, Salem, South Arcot, Triohinopoly. Malabar :

Coorg Province, Malabar, Travancore State. Mysore State :

Bangalore, Chitaldrug, Kadur, Mysore. Nepal. N.W.F.P. :

Hazara, Kohat, Peshawar, Swat Territory. Orissa : Angul,
Cuttack, Mayurbhanj State, Patna State, Puri, Sambalpur.
Punjab E. & N. : Ambala, Amritsar, Ferozepore, Gujranwala,
Gujrat, Gurdaspur, Gurgaon, Hissar, Hosiarpur, Jhelum,
Jind State, Kangra, Kapurthala State, Karnal, Lahore,
Ludhiana, Patiala State, Rawalpindi, Rohtak, Sialkot.

Punjab S.W. : Dera Ghazi Khan, Lyallpur, Mianwall,
Montgomery, Multan, Muzaffargarh, Shahpur. Rajputana
E. : Ajmer-Merwara Province, Udaipur State. Sind :

Hyderabad, Karachi, Larkana, Nawabshah, Sukkur, Thar
and Parkar, Upper Sind Frontier. U.P. East : BalUa,
Basti, Benares, Fyzabad, Gonda, Gorakhpur, Jaunpur,
Lucknow. U.P. West : Agra, BareiUy, Bijnor, Dehra
Dun, Etawah, Farrukhabad, Meerut, Moradabad, Muttra,
MuzafEarnagar, Naini Tal, Pilibhit, Saharanpur. Wazibistan :

Bannu Area, Derajat Area.

culiciformis.

Konkan : Goa, North Kanara, Savantvadi State. Madras
S.E. : Nilgiris. Malabar : Malabar.

dthcdi.

Baluchistan : Qwetta-Pishin, Zhob. N.W.F.P. : Kohat.
Punjab E. & N. : Jhelum. Waziristan .- Baimu Area
Derajat Area.
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fiuviatilis (
listonii )

.

Assam : Cachar, Goalpara, Kamrup, Khasi and Jaintia

Hills, Lakhimpur, Nowgong, Sylliet. Baluchistan : jLoralai,

Quetta-Pishin, Zhob. Bengal : Bogra, Burdwan, Calcutta,

Cooch Behar State, Darjeeling, Diiiajpur, Hooghly, Jal-

paiguri, Malda, Murshidabad, Nadia, Rajshalii, Rangjjur,

24-Parganas. Berar : Amraoti. Bihar : Champaran,
Darbhanga, Purnea. Bombay Deccan : Belgaum, Dharwar,
Khandesh West, Nasik, Poona, Satara, Sholapiir. Burma,
Lower : Akyab. Burma, Upper : Hsipaw State, Mandalay,
North Hsenwi State, Yaung Hwe State. Central India E. :

Rewah State (Baghelkand Agency). Central India W. :

Indore State. C.P. West : Balaghat, Betul, Bhandara,
Chhindwara, Hoshangabad, Jubbulpore Mandla, Nagpur,
Nimar, Saugor. Ceylon. Chota Nagpur : Hazaribagh,
Ranchi, Singhbhum. Delhi Prov. Gujarat : Baroda
State, Daman, Diu, Halar, Kaira, Surat. Hyderabad N. :

Aurangabad. Kashmir. Konkan : Bombay City, Goa,
Kolaba, North Kanara, Salsette, Savantvadi State. Madras
Coast N. : Nellore, Vizagapatam. Madras Deccan : Anan-
tapur, Bellary, Cuddapah, Kurnool. Madras S.E. : Chingle-

put, Coimbatore, Madras City, Madura, Nilgiris, North
Aroot, Salem, South Arcot. Malabar : Coorg Province,

Malabar, Travancore State. Mysore State : Bangalore,,

Chitaldrug, Kadur, Mysore. Nepal. N.W.F.P. : Hazara,
Kohat, Peshawar, Swat Territory. Orissa : Angul, Kala-
handi State, Puri. Punjab E. & N. : Ambala, Amritsar,
Gujranwala, Gujrat, Gurdaspur, Hoshiarpur, Jhelum, Kangra,
Kapurthala State, Karnal, Lahore, Ludhiana, Patiala State,

Rawalpindi. Punjab S.W. : Lyallpur, Mianwali, Mont-
gomery, Muzaffargarh. U.P. East ; Basti, Ghazipur, Luck-
now. U.P. West : Bareilly, Bijnor, Dehra Dun, Naini
Tal, Saharanpur. Waziristan : Bannu Area, Derajat Area.

gigas (including vars.).

Assam : Cachar, Khasi and Jaintia Hills, Lakhimpur.
Bengal : Rangpur. Burma, Upper : Yaung Hwe State.

Ceylon. C.P. West : Hoshangabad. Gujarat : Palanpur
State. Kashmir. Madras : Madura, Nilgiris. N.W.F.P. :

Hazara, Peshawar. Punjab E. & N. : Ambala, Chamba
State, Gurdaspur, Kangra, Karnal, Rawalpindi, Simla.
U.P. West : I)ehra Diln, Garhwal, Naini Tal, Saharanpur.

hyrcanus var. nigerrimua.

Assam : Cachar, Darrang, Goalpara, Kamrup, Khasi
and Jaintia Hills, Lakhimpur, Manipur State, Naga Hills,

Nowgong, Sibsagar, Sylhet. Bengal : Backergunge, Bankura,
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Birbhum, Bogra, Burdwan, Calcutta, Chittagong, Cooch
Behar State, Dacca, Darjeeiing, Dinajpur, Faridpur, Hooghly,
Howrab, Jalgaiguri, Jessore, Khulna, Malda, Midnapur,
Murshidabad, Mymensingh, Nadia, Noakliali, Pabna, Raj-
shahi, Rangpur, Tippera, 24-Parganas. Bihak : Bhagalpur,
Darbhanga, Gaya, Patna, Purnea, Saran, Shahabad. Bombay
Dbccan : Belgaum, Nasik, Poona, Sholapur. Burma, Lowee :

Akyab, Insein, Kyaukpyu, Rangoon, Salween, Tharawaddy.
Burma, Upper : Bhamo, Hsipaw State, Katha, Mandalay,
Minbu, Myitkyina, North Hsenwi State, Putao, Upper
Chindwin, Yaung Hwe State. Central India W. : Indore
State. C.P. East : Raipur. C.P. West : Betul, Bhandara,
Hoshangabad, Jiibbulpore, Nagpur, Saugor. Ceylon. Chota
Nagpur : Hazaribagh, Ranchi, Singhbhum. Delhi Pbov. :

Gujarat : Daman, Gohelwar. Hyderabad N. : Aurangabad.
KoNKAN : Goa, Kolaba, North Kanara. Madras Coast N. :

Ganjam, Govaveri, Nellorc, Vizagapatam. Madras Deccan :

Anantapur, Bellary, Cuddapah, Kurnool. Madras S.E. :

Chingleput, Coimbatore, Madras Cit}'-, Madura, Nilgiris, North
Aroot, Tanjore. Malabar : Coorg Province, Malabar,
Travancore State. Mysore State : Bangalore, Chitaldrug,

Kadur, Mysore. N.W.F.P. : Kohat, Peshawar. Obissa :

Angul, Cuttack, Kalahandi State, Keonjhar State, Puri,

Sambalpur. Punjab E. & N. : Amritsar, Ferozepore,
Gujranwala, Gujrat, Kangra, Karnal, Lahore. Punjab S.W. :

Dera Ghazi Khan, Multan. Sind : Hyderabad, Larkana,
Upper Sind Frontier. U.P. East : BalUa, Benares, Cawn-
pore, Fyzabad, Ghazipur, Gonda, Gorakhpur, Lucknow.
U.P. West : Bareilly, Dehra Dun, Etawah, Meerut, Morada-
bad, Muzaffarnagar, Naini Tal, Saharanpur, Shahjahanpur.
Waziristan : Bannu Area.

insuloefiorum.

Bengal : Darjeehng. Ceylon. Konkan : North Kanara.

jamesi.

Assam : Cachar. Bengal : Chittagong, Darjeehng. Bom-
bay Deccan ; Belgaum, Dharwar, Nasi, Poona. Burma,
Lower : Lisein. C. P. West : Bhandara. Ceylon. Chota
Nagpur : Singhbhum. Konkan : Bombay City, Goa,
Kolaba, North Kanara, Salsette Island, Savantvadi State.

Madras Coast N. : Nellore, Vizagapatam. Madras Deccan :

Anantapur. Madras S.E. : Chingleput, Madras City,

Madura, Nilgiris, North Arcot, Tanjore. Malabar: Coorg.
Province, MJalabar, Travancore State. Mysore State :

Bangalore, Chitaldrug, Kadur, Mysore. Obissa : Cuttack,..

Keonjhar State.
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jeyporiensis.

Assam : Cachar, Khasi and Jaintia Hills, Sylhet. Bengal :

Jalpaiguri. Burma, Upper : Bhamo, Katha, Mandalay,
Upper Chindwin, Yaung Hwe State. Central India E. :

Rewah State (Baghelkand Agency). Central India W. :

Indore State. C.P. West : Jubbulporc. Chota Nagptjr :

Hazaribagh, Ranchi, Singhbhum. Gujarat : Baroda State.

KoNKAN : Kolaba, North Kanara. Madras Coast N. :

Nellore, Vizagapatam. Madras Deccan : Bellary. Madras
S.E. : Coimbatore, Madura, Nilgiris, Salem. Malabar :

Coorg Province, Malabar, Travancore State. Mysore State :

Bangalore, Chitaldrug, Kadur, Mysore. U.P. West : Naini
Tal.

karivari.

Assam : Cacbar, Sylhet. Bengal ; Jalpaiguri. Bihar :

Purnea. Bombay Deccan : Belgaum, Nasik. Burma,
Lower : Kyaukpyu. Ceylon. Chota Nagpur : Singhbhum.
KoNKAN ; Goa, Kolaba, North Kanara, Savantvadi State.

Madras Coast N. : Vizagapatam. Madras Deccan :

Bellary. Madras S.E. : Coimbatore, Nilgiris, Tinnevelly.

Malabar : Coorg Province, Malabar, Travancore State.

Mysore State : Bangalore, Kadur, Kolar.

kochi.

Assam : Cachar, Darrang, Goalpara, Kamrup, Khasi
and Jaintia HiUs, Lakhimpur, Nowgong, Sibsagar, Sylhet.

Bengal : Dacca, DarjeeUng, Jalpaiguri. Burma, Lower :

Kyaukpyu, Salween. Burma, Upper : Hsipaw State, Katha,
Magwe, Myitkyina, North Hsenwi State, Upper Chindwin,
Yamethin.

leucosphyrus.

Andamans. Assam : Cachar, Kamrup, Khasi and Jaintia
Hills, Lakhimpur, Nowgong, Sibsagar. Bengal : DarjeeUng,
Jalpaiguri. Burma, Lower : Kyaukpyu. Burma, Upper :

Upper Chindwin, Ceylon. Konkan : Goa, North Kanara,
Savantvadi State. Madras S.E. : Coimbatore, Nilgiris.

Malabar : Coorg Province, Malabar. Mysore : Kadur.

lindesayi.

Assam : Khasi and Jaintia Hills. Baluchistan : Quetta-
Pishin. Bengal : DarjeeUng, Jalpaiguri. Kashmir. N.W.
F.P. : Kohat, Peshawar, Swat Territory. Punjab B. & N. :

Ambala, Gurdaspur, Kangra, Rawalpindi, Simla. Sikkim.
U.P. West : Almora, Dehra Dun, Garhwal, Naini Tal.
Wazieistan : Bannu Area.
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lindeaayi var. nilgiricus.

Madbas Deocan : Anantapur. Madras S.E. : Madura,
Nilgiris.

maculatus and var. willmori.

Assam : Cachar, Darrang, Goalpara, Kamrup, Khasi
and Jaintia Hills, Lakhimpur, Naga Hills, Nowgong, Sibsagar,

Sylhet. Bengal : Darjeeling, Jalpaiguri, Rangpur. Bombay
Deccan : Belgavim, Nasik, Poona. Burma, Loweb : Kyauk-
pyu, . Salween. Burma, Upper: Bhamo, Hsipaw State,

Katha, Mandalay, Myitkyina, North Hsenwi State, Upper
ilhindwin, Yaung Hwe State. Central India E. : Rewah
State (Baghelkand Agency). C.P. West : Balaghat, Betul,

Bhandara, Hoshangabad, Jubbulpore, Nagpur. Ceylon.
<yHOTA Nagpur : Ranchi, Singhbhum. Kashmir. Konkan :

Groa, Kolaba, North Kanara. Madras Coast N. : Vizaga-
patam. Madras Deccan : Bellary. Madras S.E. : Coim-
batore, Nilgiris, North Arcot, Salem. Malabar : Coorg
Province, Malabar, Travancoro State. Mysore State :

Kadur. Nepal. N.W.F.P. : Chitral State, Hazara, Kohat,
Peshawar, Swat Territory. Orissa : Kalahandi State, Keon-
jhar State. Punjab E. & N. : Ambala, Gurdaspur, Kangra,
Karnal, Lahore, Patiala State, Rawalpindi. U.P. West :

Almora, Dehra Dun, Naini Tal, Saharanpur. Wazieistan :

Bannu Area, Derajat Area.

rnajidi.

Bengal : Darjeeling, Jalpaiguri. Malabar : Coorg Pro-

Adnce, Malabar. Mysore State : Kadur.

minimus.

Assam : Cachar, Darrang, Goalpara, Kamrup, Khasi
and Jaintia Hills, Lakhimpur, Nowgong, Sibsagar, Sylliet.

Bengal : Bogra, Cooch Behar, Darjeeling, Dinajpur, Jal-

paiguri, Jessore, Malda, Nadia, Rajshahi, Rangpur, 24-Par-

ganas. Bihar: Purnea. Burma, Lower: Salween. Burma,
Upper : Hsipaw State, Katha, Magwe, Mandalay, Minbu,
Myitkyina, North Hsenwi, Upper Chindwin, Yamethin,
Yaung Hwe State. Chota Nagpur : Ranchi Singhbhum.
Konkan : Savantvadi State. Madras Coast N. : Ganjam,
Vizagapatam. Madras Deccan : Bellery, Kumool. Madras
S.E. : Madura, Tanjore. Malabar : Coorg Province,

M^ilabar. Mysore State : Bangalore, Chitaldjrng, Kadur,

Mysore. U.P. West : Naini Tal.

moghnlensis.

Baluchistan : Qwetta-Pishin. Bombay Dbooan : .Ahmed-
nagax, Belgaum, Nasik, Poena, Sholapur. C,P. West :

DIPT.—^VOL. IV. 2 a
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Betul, Chlundwara, Damoh, Hoshangabad, Jubbulpore
Mandla, Nagpur, Nimar, Saugor, Seoni. Chota NAapuB
Ranchi. Delhi Peov. Gujarat. Baroda State. Konkan
Bombay City, Kolaba, Salsette Island. Madras Coast N.
Vizagapatam. Madras Deccan : Bellary. Madras S.E.

Ooimbatore. Malabar : Malabar. N.W.F.P. : Kohat, Pesha-

war, Swat Territory. Punjab E. & N. : Ambala.

multicolor.

Baluchistan : Persian Frontier, Quetta-Pishin, Zhob.
Wazikistan : Derajat Area.

pcdlidus.

Assam ; Kamrup, Khasi and Jaintia Hills, Sibsagar,

Sylhet. Bengal : Birbhum, Burdwan, Cooch Behar State,

Darjeeling, Faridpur, Hooghly, Jessore, Murshidabad, Nadia,
Pabna, Rangpur, 24-Parganas. Bihar : Darbhanga, Gaya,
Purnea, Shahabad. Bombay Deocan : Belgaura, Dharwar,
Sholapnr. Burma, Lower : Salween. Burma, Upper :

Mandalay. Central India E. : Rewah State (Baglielkand
Agency). Central India W. : Bhopal State, Gwalior
State, Indore State. C.P. East : Bilaspur, Chanda, Drug,
Raipur. C.P. West : Balaghat, Betul, Bhandara, Chhind-
wara, Hoshangabad, Jubbulpore, Mandla, Nagpur, Narsingh-
pur, Saugor, Seoni. Ceylon : Chota Nagpur : Hazaribagh,
Singhbhum. Delhi Prov. Gujarat : Ahmedabad, Baroda
State, Kaira, Sorath. Hyderabad S. : Atraf-i-Balda.

KoNKAN : Bombay City, Kolaba. Madras Coast N. :

Ganjam, Nellore, Vizagapatam. Madras Deccan : Anan-
tapur, Bellary, Cuddapah, Kurnool. Madras S.E. : Chingle-

put, Coimbatore, Madras City, Madura, North Arcot, South
Arcot. Mysore State : JBangalore, Chitaldrug, Kadur,
Mysore. Orissa : Cuttack, Puri, Sambalpur. Punjab
E. & N. : Amritsar, Gujranwala, Gurgaon, Karnal. U.P.
East : Gorakhpur, Lucknow. U.P. West : Agra, Naini
Tal, Saharanpur.

philippinensis.

Akdamans. Assam : Cachar, Goalpara, Kamrup, Lak-
himpur, Nowgong, Sibsagar. Bengal : Bogra, Chittagong,
Cooch Behar State, Darjeeling, Dinajpur, Paridpur, Jal*
paiguri, Jessore, Khulna, Malda, Murshidabaid, Nadia, Pahna»
Rajshahi, Rangpur, 24-Pargana8. Bihab : Purnea. BuBMAt
Lower : Salween. Burma, Upper : Bhamo, Hsipaw State,

Mandalay, Minbu, Myitkyina, North Hsenwi State, Upper
Chind^sdn, Yaung Hwe State. Chota Nagpub : Singhbhiun.
KoSKAisr : NorSi Kanara. Malabar : Coorg ^tovinoe,
McsoBE State : Bangalore, Chitaldrug, Kadur, Mysore.
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pulcherrimus.

Baluchistan : Quetta-Pishin, Zhob. Delhi Pbov
GuJAKAT : Ahmedabad. N.W.F.P. : Kohat, Peshawar
Punjab E. & N. : Amritsar, Ferozepore, Gujranwala, Gujrat
Gurgaon, Hissar, Kapurthala State, Karnal, Lahore, Rawal
pindi, Rohtak, Sialkot. Punjab S.W. : Dera Ghazi Khan
Lyallpur, Montgomery, Multan, MuzafEargarh. Sind : Hydera
bad, Karachi, Larkana Nawabahah, Sukkur, Thar and Parkar,

Upper Sind Frontier. U.P. West : Bijnor, Dehra Dun
Muttra, Muzaffarnagar, Saharanpur. Waziristan : Bannu
Area, Deraj at Area.

ramsayi.

Assam : Cachar, Kamrup. Bengal : Burdwan, Faridpur,
Jalpaiguri, Jessore, Khulna, Malda, Mymensingh, Nadia,
Noakhali 24-Parganas. Buema, Upfeb : Bhamo. Ceylon.
Obissa : Orissa Delta.

sergenti.

Wazibistan : Derajat Area.

sintoni.

Malabab : Malabar.

splendidiLS (maculipcUpis var. indiensia).

Assam : Sylhet. Baluchistan : Zhob. Bengal : Birb-
hum, Burdwan, Darjeeling, Jalpaiguri. Bebab : Amraoti.
Bombay Deccan : Poena. Buema, Lower : Insein, Rangoon,
Salween. Buema, Uppeb : Katha, Mandalay, Myitkyina,
North Hsenwi State, Upper Cliindwin, Yaung Hwe State.

Central India W. : Gwahor State, Indore State. C.P. West :

Balaghat, BetuI, Bhandara, Chhindwara, Damoh, Hoshanga-
bad, Jubbulpore, Mandla, Nagpur, Saugor, Seoni. Chota'
Nagpue : Hazaribagh, Ranchi, Singhbhum. Delhi Peov.
Gujarat : Baroda State. Kashmir. Konkan : Goa,
Kolaba, North Kanara, Sarantvadi State. Madras Coast N. :

Vizagapatam. Madras Deccan : Kurnool. Madras S.E. :

Coimbatore, Madura, Nilgiris, Salem. Malabar : Coorg
Province, Travanoore State. Mysore State : Bangalore,

Chitaldrug, Kadur, Kolar, Mysore. Nepal. N.W.F.P.

:

Chitral State, Hazara, Kohat, Peshawar, Swat Territory.

Obissa : Cuttaok, Patna State. Punjab E. & N. : Ambala,
Amritsar, Ferozepore, Gujranwala, Gujrat, Gurdaspur,

Hoshiarpor, Jheliuu, Jullundnr, Kangra, Kamal, Patiala

State, Rawalpindi, Sialkot, Simla. U.P. East : Benares,

Gordkhpur. U.P. West : Bareilly, Bijnor, Dehra Dun,
Muzaffarnagar, Naini Tal, Saharanpur, Shahjahanpur. Wazi-
BiSTAK : Bannu Area, Derajat Area.

2a2
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stephensi.

Assam : Lushai Hills. Baluchistan : Loralai, Quetta-

Pishin, Zhob. Bengal : Biirdwan, Calcutta, Darjeeling,

Nadia, 24-Parganas. Bebab : Amraoti, Yeotmal. Bihab :

Bhagalpur, Patna. Bombay Deccan : Ahmednagar, Dharwar,
KJiandesh West, Nasik, Poona, Satara, Sholapur. Bubma,
LowEE : Rangoon. Bubma, Uppeb : Katha, Mandalay,
Minbu, Mytkj'ina, Upper Chindwin. Centbal India W. :

Gwalior State, Indore State. C.P. East : Bilaspur, Chanda,
Drug, Raipur. C.P. West : Balaghat, Betul, Chhindwara,
Damoh, Hoshangabad, Jubbulpore, MandJa, Nagpur, Narsingh-

pur, Nimar, Saugor. Chota Nagpub : Singhbhum. Delhi
Peov. Gujaeat : Ahmedabad, Baroda, State, Daman,
Diu, Gohelwar, Halar, Jhalawar, Kaira, Palanpur State,

Sorath. Hyderabad N. : Aurangabad. Hydebabad S. :

Atraf-i-Balda. Kashmir. Konkan : Bombay City, Goa,
Kolaba, North Kanara, Salsette Island, Thana. Madras
Coast N. : Nollore, Vizagapatam. Madbas Deccan : Anan-
tapur, BcUary, Cuddapah, Kurnool. Madras S.E. : Chingle-

put, Coimbatore, Madras City, North Aroot. Malabar :

Malabar. Mysore State : Bangalore, Chitaldrug, Kadur,
Mysore. N.W.F.P. : Hazara, Kohat, Peshawar, Swat
Territory. Punjab E. & N. : Ambala, Amritsar, Attock,

Ferozepore, Gujranwala, Gujrat, Gurdaspur, Gurgaon, Hissar,

Hoshiarpur, Jhelum, Jullundur, Kangra, Kapurthala State,

Karnal, Lahore, Ludjiiana, Patiala State, Rawalpindi, Sialkot.

Punjab S.W. : Dera Ghazi Khan, MianwaU, Montgomery,
Multan, Muzaffargarh. Rajputana E. : Ajmer-Merwara
Province, Udaipur State. Sind : Hyderabad, Karachi,

Iiarkana, Sukkur. U.P. East : Allahabad, Benares, Cawn-
pore, Fyzabad, Ghazipur, Lucknow, Rai Bareli. U.P. West :

Agra, Bareilly, Dehra Dun, Farrukhabad, Meerut, Moradabad,
Muttra, Muzaffarnagar, Naini Tal, Saharanpur. Wazxbistxs :

Bannu Area, Derajat Area.

subpictiis.

Assam : Darrang, Kamrup, Khasi and Jaintia Hills,

Lakhimpur, Nowgong, Sibsagar, SyUiet. Baluchistan :

Loralai, Quetta-Pishin, Zhob. Bengal : Birbhum, Bogra,
Burdwan, Calcutta, Chittagong, Dacca, Darjeeling, Dinajpur,
Faridpur, Hooghly, Howrah, Jalpaiguri, Jessore, Khulna,
Malda, Midnapur, Murshidabad, Mymensingh, Nadia, Pabna,
Rajshahi, Rangpur, Tippera, 24-Parganas. Beear : Yeotmal.
Bihae: Bhagalpur, Darbhanga, Gaya, MuzafEarpior, Patna,
Pumea, Santal Parganas, Saran, Shahabad. Bombay Dbooan :

Ahmednagar, Belgaum, Dharwar, Khandesh West, Nasik,
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Poona, Satara, Sholapur. Bubma, Lower : Akyab, Kyaukpyu^
Rangoon, Salween, Tharawaddy. Bitbma, Uppee : Bhamo,
Hsipaw State, Katha, Magwe, Mandalay, Minbu, Myitkyina,
Sagaing, Shwebo, Yamethin, Yaung Hwe State. Cbntbal
India E. : Bundelkand Agency, Rewah State (BagheOcand
Agency). Central India W. : Gwalior State, Indore State.

C.P. West : Balaghat, Betul, Bhandara, Chhindwara, Damoh,
Hoshangabad, Jubbulpore, Mandla, Nagpur, Narsinghpur,
Nimar, Saugor. Ceylon. Chota Nagpitb : Hazaribagh,
Palamau, Ranchi, Singhbhum. Delhi Peov. : Gujarat.
Ahmedabad, Baroda State, Daman, Diu, Gohelwar, Halar,

Jhalawar, Kaira, Palanpur State, Soratli, Surat. Hydera-
bad N. : Aurangabad. Hyderabad S. : Atraf-i-Balda.

KoNKAN : Bombay City, Goa, Kolaba, North Kanara,
Salsotte Island, Savantvadi State, Thana. Madras Coast N. :

Ganjara, Godavari, Nellore, Vizagapatam. Madras Dbccan :

Anantapur, Bellary, Cuddapah, Kurnool. Madras S.E. :

Chingleput, Coimbatore, Madras City, Madura, Nilgiris, North
Arcot, Salem, South Arcot, Tanjore. Malabar : Coorg
Province, Malabar, Travancore State. Mysore State :

Bangalore, Chitaldrug, Kadur, Mysore. Nepal. N.W.F.P. :

Hazara, Kohat, Peshawar, Swat Territory. Orissa : Cuttack,
Puri, Sambalpur. Punjab E. & N. : Ambala, Amritsar,

Attock, Ferozepore, Gujranwala, Gujrat, Gurdaspur, Gurgaon,
Hissar, Hoshiarpur, Jhelum, JuUundur, Kangra, Kapurthala
State, Karnal, Lahore, Rawalpindi, Rohtak, Sialkot, Simla.

Punjab S.W. : Lyallpur, Montgomery, Multan, Muzaffar-
garh, Shahpur. Rajputana East : Ajmer-Merwara Province,

Udaipur State. Sind : Hyderabad, Karachi, Larkana,
Nawabshah, Sukkur, Thar and Parkar, Upper Sind Frontier.

U.P. East : Allahabad, Basti, Benares, Cawnpore, Fyzabad,
Ghazipur, Hamirpur, Jaimpur, Lucknow. U.P. West :

Agra, Bareilly, Bijnor, Dehra Dun, Etawah, Farrukhabad,
Meerut, Moradabad, Muttra, Muzaffarnagar, Naini Tal,

Pilibhit, Saharanpur, Shahjahanpur. Wazieistan : Baimu
Area, Derajat Area.

sundaictis {liuUowii).

Andamans. Bengal : Backergunge, Chittagong, 24-

Parganas. Burma, Lower : Akyab, Kalagauk Island^

Kyaukpyu.

superpictiis.

Baluchistan : Quetta-Pishin, Zhob. N.W.F.P. : Chitral

State, Kohat, Peshawar, Swat Territory. Wazikistan :

Baimu Area, Derajat Area.



368 ANOPHELINI.

tessellat'us.

Andamans. Assam : Cachar, Sibsagar, Sylhet. Bengal :

Burdwan, Cliittagong, Dinajpur, Jessore, Khulna, 24-Parganas.

Bihar : Shahabad. Bombay Deccan : Belgaum, Nasik,

Poona. BuBMA, Lower ; Akyab, Kyaukpyu, Salween.

Burma, Upper : Bhamo, Hsipaw State, Katha, Mandalay,
Yaung Hwe State. Central India W. : Indore State.

C.P. West: Bhandara, Jubbulpore, Nagpur, Saugor.

•

€eylon. Chota Nagpur : Ranchi, Singhbhum. Delhi
Prov. Gujarat : Ahmedabad, Baroda State. Konkan :

Bombay City, Kolaba, North Kanara, Salsette Island,

Savantvadi State. Madras Coast N. : Vizagapatam.
Madras Deccan : Anantapur, Bellary, Cuddapah. Madras
S.E. : Niligiris, Pondicherry. Malabar : Coorg Province,

Travanoore State. Mysore State : Bangalore, Chitaldrug,

Kadur, Mysore.

theobaldi.

Assam : Cachar. Bengal : Burdwan, Dacca. Berab :

Amraoti. Bihar. Bombay Deccan : Nasik, Poona. Burma,
Upper : Mandalay, Myitkyina. Central India E. : Rewah
State {Baghelkand Agency). Central India W. : Gwalior
State, Indore State. C.P. West : Balaghat, Betul, Bhandara,
Chhindwara, Damoh, Hoshangabad, Jubbulpore, Mandla,
Nagpur, Narsinghpur, Nimar, Saugor, Seoni. Chota Nagpub
Hazaribagh, Singhbhum. Delhi Prov. Gujarat : Baroda
State, Surat. Hyderabad N. : Aurangabad. Konkan :

Kolaba, North Kanara, Savantvadi State. Madras Coast N. :

Vizagapatam. Madras Deccan : Bellary. Obissa : Kala-
handi State Sambalpur. Punjab E. & N. : Lahore.
U.P. West : Dehra Dun, Shahjahanpur.

turkhndi.

Baluchistan : Quetta-Pishin, Zhob. Berab : Amraoti.
Bombay Deccan : Dharwar, Nasik, Poona, Satara, Sholapur,
C.P. West : Betul, Chhindwara, Damoh, Hoshangabad,
Nagpur, Narsinghpur, Seoni. Delhi Prov. : Gujarat.
Halar, Jhalawar, Sorath. Hyderabad N. : Aurangabad.
Kashmie. Konkan : Kolaba, North Kanara. llf^DBAS
Deccan : Anantapur, Bellary, Kumool. MYSoaa! State :

Bangalore, Chitaldrug, Mysore. N.W.F.P. : Chitral State,
Hazara, Kohat, Peshawar, Swat Territory. Punjab E. & N, :

Ambala, Amritsar, Ferozepore, Gujrat, Gurdaspur, Kangra,
Lahore, Patiala State, Rawalpindi, SiaJkot, Simla. Sikd :

Hyderabad. U.P. West : Dehra Dun, Naini Tal, Saharanpur.
Wazibistan : Bannu Area, Derajat Area.
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umbrosus.

Andamahs. Assam : Darrang, Nowgong, Sylhet.

ijogus.

An DAMANS. Assam: Cachar, Darrang, Goalpara, Kamrup,
Khasi and Jaintia Hills, Lakhimi)ur, Sibsagar. Eenoal :

Backergunge, Bankura, Birbhum, Bogra, Burdwan, Calcutta,

Chittagong, Cooch Behar State, Dacca, Darjeeling, Dinajpur,

Faridpur, Hooghly, Jalpaiguri, JesHore, Khulna, Malda,
Midnapur, Murahidabad, MjTnensingh, Nadia, Noakhali,

Pabna, Rajshahi, Rangpur, Tippera, 24-ParganaH. Bihab :

Darbhanga, Patna, Purnea, Shahabad. Bombay Deccan :

Bclgaum, Dharwar, Nasik, Poona, Satara. Bubma, Lower :

Akyab, Insein, Kyaukpjm, Rangoon, Salween. Bukma,
Upper : Hsipaw State, Katha, Magwe, Mandalay, Minbhu,
Myitkyina, North Hsenwi State, Thayetmyo, Upper Chindwin,
Yamethin, Yanng Hwe State. C. P. West : .Tubbulpore.

Ceylon. Chota Nagpxir : Hazaribagh, Ranchi, Singhbhum.
KoNKAN : Bombay City, Goa, Kolaba, North Kanara,
Savantvadi State. Madras Coast N. : Ganjam, Godaveri,

Vizagapatam. Madras Deccan : .Ajiantapur. Madras
S.E. : Chingleput, Nilgiris, Pondhicherry, South Arcot,

Tanjore. Malabar : Coorg Province, Malabar, Travancore

State. Mysore State : Bangalore, Chitaldrug, Kadur,
Mysore. Orissa : Cuttack, Sambalpur,

varuna.

Bengal : Calcutta, Jalpaiguri, Jessore, Khubia, Murshida-

bad, Nadia, Pabna, 24-Parganas. Burma, Upper : Myitkyina.

Ceylon. Chota Nagpur : Singhbhum. Gujarat : Baroda
State. KoNKAN : North Kanara. Madras Coast N. :

Ganjam, Vizagapatam. Madras S.E. : Chingleput, Madras
City, South Ajcot. Malabar : Travancore State. Orissa :

•Cuttack. U.P. East : Gorakhpur.
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All names printed with a small initial letter indioate a species or variety.

All names printed in bold type are %'alid names of Indian Anophelines ;

names of genera or groups with a capital initial letter.

All names printed in italics are synonyms.
Tliickened numerals refer to tlie page on which the " Systematic " treat-

ment of the insect is given.

Abdomen : of adult, 2, 3, 4, 23 : of

larva, 3"), 37. 42 ; of pupa, 33.

aconitus, rtd, 67, 82, 86, 91, 92, 188,

209,212,213,216.
Aden Hinterland, .55, 188, 192. 193,

197, 198, 201, 252, 2.57.

adenensis, 197.

atliei, 300.

Adults: structure. 1-4, 10-32;
behaviour of, 64 ; collect ion of.

68; key for, 81.

Aedes 8?gypti, 48.

Afghanistan, 48. See also Seistun.

Africa: Central A., 48; East A..

169, 192; South A., 169, 203;
West A., 65; Tropical A.. 99,

162. See aluo North Africa,

Sornaliland, Sudan, Mashonaland,
Canary Is., Ethiopian Region.

African species, 10, 30, 50, 55, 121,

172, 188, 192, 203, 211, 230, 251,

257, 262, 296, 299. See also

funestus, gambiso, implexus, nili,

smithi, rhodesiensis.

Bitkenli, 2, 40, 56, 81, 86, 91. 102,

103, 114. See also bongalensis

var.

ahomivar., ,56, 86, 144, 160, 161.

Albania, 268.

albiroetris, 216, 220.

alboapiealU, 209, 214.

albotseniatus, 145.

Aldrichia, 229.

Algeria, 192, 193, 196, 257, 262.

algeriensis, 30. 98, 108.

Alor, 50 (map), 108, 111, 163, 160,

186. 212, 219, 239, 244, 249, 284.

Alpine fauna, 52, 54, 56, 57. See
also lindesayi, gigas.

Altitude. 66.

Alula, 18.

amazonicus, 102.

Amboina, .50 (map). 108. Ill, 160.

186,238.244,249.
Ambon, 111.

America, 6: North A., 48. 57;
Central A., 48, 97, 98; South A.,
48, 49, 58, 97, 98. See also

Neotropical, Nearct ic. New Worl d

.

amictus. 172.

Amraoti District, 287.

Anal lobe : of adult. 29, 31 ; of
larva, 44.

Anal papillae, 35, 44.

Anamba Is., 249. 284.

Anatolia, 262, 268. See also Asia
Minor.

Andainans, 108, 153, 160, 161, 167,

176, 181, 186, 202, 219, 239, 245.
249, 2.50. 306.

Anepistemum, 14.

Angle of resting, 2.

Annam, 160. 176, 186. 212. 244, 284.
306.

annandalei, 41, 4,5, 54, 56, 63. 81,
8.5, 90, 101, 122, 128, 139, 143.

See also interruptus var.

annularis, 3, 63, 67, 84. 89, 91, 93,
263, 300, 305, 308.

annulipalpis, 102.

annulipes, 172.

Antenna : of adult, 10, 12; of larva,

35, 38.

Anterior forked cell, 18.

Anterior hard palate, 26.

Anterior promontory, 14, 15.

Anterior pronotal lobes, 14, 16.

Anopheles : genus, 6, 8, 48, 96, 97

;

subgenus, 7, 8, 9, 22, 25, 30, 34,

37, 38, 41, 44, 45, 46, 48, 49, 67,

95, 97, 98; group, 8. 48, 49, 51,

99,100; series, 102, 144.
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Anophelina, -cc (subfamily), !t5.

Anophelini (tribe, soction), 0").

Arabia, aS, 193. 201, 257. Sec alio

Aden Hinterland, Muscat, Sinai.

arabicus, o,5, 2U

.

ardpnsis, 172.

Arribalzagia. 8, 4«. 4i), 37, 1)9.

Asia Minor. 152. iS'cc a/w .-Anatolia,

asiatieug. 60, 128. 138, 139, 143.

Assam, r,S, 54, 50, 108. 109, 128, 137,

138, 143, 144, 145, 1.5,3, 1.54, 160,

161, 167, 172, 176, 181, 202, 214.

219, 220. 22fi, 2,39, 284, 287, 291,
294. 296, 306.

As.sociati(m (brpeding places), 62.

.\triura, atrial plate, 31 , 32.

atraiipes, 30, 98.

atrop()ta;n(F, 311.

Attitude: of adult, 1-4; of larva,
00.

aurirostris, 172.

anstenii, 188.

.4ustr*lia, 6, 159; .-Vustralian

Region, 48, 49, .")0 (map), 51, 5S,

168; A. species, 172.

azriki, 55, 252.

baileyi var., 54, Ut2, 130, 135, 137.
Bali. .50 (map), 51, 176, 2,39.

Baluchistan, 51, 54, 55, 128, 153,
160, 192, 20], 202, 208, 239, 257,
261, 262, 269. 273, 284, 287, 299,
306, 311, 31,5.

bancrofti, 157, 1.59.

Bangaai, 50 (map), 238.

Banka, 50 (map), 53, 267, 284.
barberi, 102.

barbirostrls, 4, 17, 56, 63, 67. 81, 86,

90, 92, 101, 144, 155, 160. Hce
also ahomi var.

barbumbrosus, 155, 157, 159, 160.
barianensis, 45, 54, 56, 81, 85, 90,

101, 102,114,117.
Basal hair, 38.

Basistemuni, 14.

Batoe, 176.

Bengal, .53. 56, 108, 100, 138, 153,
160, 176, 181, 214, 215, 219, 220,
226, 229, 239, 250, 291, 294, 296,
306, 307. See also Calcutta,
Sundarbans, Duars, Eastern Him-
alayas.

Bengal terai, 109, 181. See also
Duars.

Bengal Duars. See Duars.
bengalensis var., 58, 86, 101, 102,

103, 107, 109.
jbenguetensis var., 123, 128.

Borars, 197, 202. 252. 273, 287, 300.
bercMnewi, 264, 268.

bifurcatun. See clavigor.

Bihar, 108, 147. 294, 309. Sec also

Bihar and Orisaa.

Bihar and Orissa, 53, 181, 215, 219,
239, 257.

Bihton, .50 (map), 153, 167, 176, 239,
249.

Bionomics, 59-67. See also under
.«ipecies.

Bir.mella, 7, 8, 23, 25, 41, 48, 95, 96.

Body, shape of, 2.

Boeroe, .50 (map), 160, 186, 239.

Booton, 50 (map), 160. 238, 244, 249,
284.

Bokhara, 269. 315,

Bombay (City). 224, 239, 245, 278.

Bombay (Presidency), 53, 103, 108,

111.212,215,224. SeealsoGoa,
Karwar, Konkan, North Kanara,
8alsctte, Savantwadi State, West
Coast.

Border scales. 18,21.

Borneo, 108, 153, 160, 161, 167, 176,
181. 182,186, 219, 239, 244,249,
284,291,306.

Brackish-water breeders, 62. Sec
iil.io under species.

hralnnae.harii, 216.

Breeding out, technique of, 69.

Breeding places. 5, 62, 63.

broussesi, 251, 262.

Bnigella, 96.

bnmnipes, 188.

Bucco-pharyngeal ridges, 26.

Bulb (of cone), 28.

Bulgaria. 268.

Burma, 51, 53, 54, 55, 56, 108, 137,
138, 147, 153, 1.5,5, 160, 161, 176,
181, 186, 201, 202, 208, 209, 212,
214. 215, 219, 220, 226, 239, 240,
244, 245, 249, 250, 277, 284, 287,
291, 294, 296, 299, 300, 306, 309,
310.

Bunno-Chineso subregion, 52.

Ca<:har, 138, 226, 294, 296.
Calcutta. 145, 214, 215, 216, 220,

231,.300.

Cambodia, 145, 158.
Cameron Highlands, 123.
cameronensis var., 123, 127.
Canary Is., 195, 196.

candidiensis var., 52, 56, 188, 220,
224, 225.

Canton, 154, 176, 239, 299.
cardamatiai, 284.
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Cattle. See Zoophilisra.

Caucasus, 55, 152, 268, 311, 315.

Caudal hooks, 60.

Celebes, 50 (map). 51, 108, 153, 155,

159, 160, 166, 167, 181, 212, 219,

231, 238, 244, 249, 284, 290, 306.

CoUia, 8, 51, 169,170.
Central Africa, C. Americ-a. See

Afrina, America.
Central Asia, 121, 315. See al«o

Turkestan, Tashkent, Transcas-
pia, Samarkand, Bokhara, Fer-
gana.

Central China, 54, 137.

Central India, 186, 257, 273, 294,
311. See also Central Provinies,
Ueccan, Berars.

Central Provinces, 53, 108, 135, 181,

197, 203, 212, 219, 224, 252, 273,

287,291,296,300,311.
Cephalic fans, 40.

Ceram, 50 (map), 108, 111, 160, 176,

186,238,244,249.
Cercus, 3, 23, 31.

Cervical Bclerite, 15.

Ceylon, 51, 52, 53, 54, 55, 108, 111,

129, 138, 139, 143, 159, 160, 161,

162, 176, 181, 182, 186, 201, 208,
212, 215, 219, 224, 239, 244, 245,

250, 277, 284, 287, 291, 294, 299,
306,310.

Coylonesesubregion, 61, 52.

ceylonica, 170, 182.

Chastotaxy : adult head, 12; a.

thorax, 17; larval head, 37;
1. thorax, 40; 1. abdomen, 42;
pupa, 33 ; pleural hairs, 41.

Chagasia, 1, 4, 7, 8, 23, 41, 48, 49, 95,
96.

Chamba, 123,137.
Chaoborinte, 1.

chaudoyei, 257.

China, 55, 152, 155, 160, 167, 181,

212, 239, 284, 299. See also

Central C, North C, South C,
Shanghai, Canton, Hong Kong,
Swatow.

Chitinisation : of penis cavity, 31;
of spir. app., 44.

Chitral, 64, 299, 306.

Chloral gum, 73.

ChotaNagpur, 108, 160, 294, 309.

Jihristopheirsi, 209, 214.

Chriatophersia, 170.

Christyi, 230, 262.

Cilicia, 269.

cinereus, 251.

Clafisificatiou, 6, S, 9, 101.

olaviger, 18, 30, 49, 97, 121.

ekoptUrce, 257.

Clypeal hairs, 37.

ClypeuB, 10, 13, 26.

Cochin China, 108, 109, 153, 160,

167, 172, 176, 181, 212, 239, 244,
284, 291, 294, 306, 309.

Coelodiazesis, 102.

cohoEsa, 209.

Collar (of larval head), 36.

Collection : of adults and larvai, 68

;

outfit for, 79.

Colour: ofadult, 10; of larva, 37.

Comb. See Pecten.
Comb-hair, 35.

Compound eyes, 10.

Comstock and Needham's vena-
tion, 17,20,21.

Conveyance, 65.

Coonoor, 109, 130, 135. See also

Nilgiri Hills.

Coorg, 108, 181, 215, 224, 226, 229.

Cossack Republic. See Tashkent.
Costa, 18,20, 21.

costalis, 299. See also ganibias.

Cowl, 31.

Coxa, 2. 3, 14, 15,22.

Coxite, 23, 30, 31.

Cross-veins, 18,

Cubitus (Cm), 18, 20.

Culox, 2, 4, 16, 34, 48.

CUUclfacieS, 3, 4, 55, 56, 63, 67, 83,

88, 91, 168, 187, 188, 192. 197,

201, 203, 252, 256.

culicijaeies (Africa), 193.

culicitormis, 3, 23, 45, 54, 56, 63, 81,

85,91,96,101,102,111,116,117.
CuHcini, 2, 5, 34. See aha Culex.

Cycloloppteron, 49, 102.

Cyclophorus, 102.

Cyprus, 262, 268.

Dactylomyia, 170.

Dalmatia, 268.

Darjeeling, 109, 123, 139, 143, 229.

Decean, 197, 203, 252, 257, 273, 287,

300.

deceptor, 182.

Dendritic tuft, 33.

Deviation (of Anopheles), 64.

Dispersal (of adults), 65.

Dissection, 75.

distinctus, 188.

Distribution, 47-56, 58, 59. See
also under species.

djajasanensis, 139.

Domestic species, 64.

domicoluB, 188.

Dorsal eye hair, 38.

Dorsal hairs. See Chsetotaxy.

Dorsum, 23.
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dravidicus vat., 278.

dthali, 56, 82, 88, 90, 168, 188, 196,

203.

Duare, 203, 209, 226, 229, 278, 291,

300, 307.

dudgeoni, 262, 286.

Dutch East Indies, 6, ."ifl, 108. 154.

160, 167, 177, 182, 186, 220. 239,

240, 24.5, 246, 250, 285, 294, 299.

See aluo Java, Sumatra, Lesser

Sunda Is., Celebes, Moluccas.

East Africa. See Africa.

East Persia, 252, 257, 262. See also

Seistan.

Eastern Bengal, 54. See also

Eastern Himalayas.
Eastern India, 167, 181, 186, 212,

232, 244, 291, 294, 296. See also

Assam, Bengal, Bihar and Orissa,

Eastern Himalayas.
Ecdysis, 36.

Edam, 50 (map), 249.

edwardsi, 134.

Egg : structure, 5, 46 ; collection

of, 68; hatching of, 59; pattern
formed by, 59; preservation of,

74 ; position oflarva in, 47.

Egg-breaker, 36.

Egj-pt, 6, 65, 192, 193, 196, 197, 257,
262. See also Sinai.

elegans, 170, 177.

Emergence : of adult, 61 ; of larva

from egg, 59.

Enggano Is., 50 (map), 108, 153,

249.

Eocene, 58.

Epialurgi, 95.

Epimeral plate, 17.

EpiBtemum, 14.

errabunda, 308.

error, 229, 231.

Ethiopian Begion, 48, 49, 51, 58,

168, 169, 172, 188, 230, 262.

Euglena, 61.

Europe, 58, 65, 264, 268, 269. See
also Mediterranean, Palsearctic,

Caucasus,
Eversible organs, 5.

Eyes, 10.

Eye-spots, 16.

Fan-shaped plate, 35, 42.

deFtture's fluid, 74.

febrifera, 209, 214.

Federated Malay States, 103, 182,,

172, 177, 182, 216, 219, 220, 231,

285, 291, 306, 307. See also

Malay Peninsula.

Feeding brushes, 35, 61.

Feeding habits : of adult, 64 ; of
lar%'a, 61. See also under species.

FeltinelUz, 170.

Female hypopygium, 23, 24, 31, 32,

78.

Fergana, 315.

Fertilization, 65.

filipina", 188, 212, 219.

flava (kochi), 172.

flava (vagus), 241.

flat^escens, 245.

flaviceps, 55, 251.

flavicosta, 188.

flamrostrw,2{)'i,2l-2.

flerowi \'&T., 146.

Flight, 65.

Float hairs, 5. See also Palmate
hairs.

Flores, .50 (map), 176. 219, 239, 244,

249, 284.

fluvlatUls, 44, 55, 56. 63. 67, 83, 86,

91, 92, 188, 201, 203. 210, 211,
257.

folquei, 273.

Food (of larva), 61.

Forked cell index. 2 1

.

Formosa, 51, 108, 123, 155, 160, 176,

182, 186, 209, 212, 214, 219, 225,
226, 231, 239, 244, 245, 249, 278,

284, 296, 299, 306.

fonnosce, 182.

formosaensie I, 209.

formosaensis II, 242.

formoaus var., 130, 135.

Fossa (ofmesonotum), 15, 17.

Fossate hairs, 43.

Fossil mosquitoes, 57, 58.

fowleri, 309.

fragilie, 103, 109.

freeroe, 307, 308.

freetownensis, 188.

French Indo-China, 56, 172, 249.

Set also Tonkin, Annam, Cochin
China, Cambodia.

Frill (of egg), 46.

Fringe, fringe-spots, 18. 22.

Fringe-scales, 21.

Frons-clypeus, 10, 37. See alaiy

Clypeus.
Frontal hairs, 37 ; in ecdysis, 36.

Frontal tuft, 12.

Frosting, 13.

fuUginosua. See annularis.

fuliginoBue oiStSttiton, 308.
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funestuB, 44, 168, 187, 188, 203, 207,

211,323.
Junestm of Ludlow, 209, 210.

gambiae, 48, 229, 230.

Garhwal, 136.

gamhami, 188.

(iater'afluid, 73.

Oenera, key to, 96.

Genitalia. .SeeHypopygium.
Ge8er,50(map), 238.

gigas, 10, 54, 56, 81, 86, 91, 102, 123,

180.

Glands, dissection for, 79.

Goa, 103, 116, 241.

Goeldia, 97.

Grabhamia, 102.

gracilis (BironoUa), 95, 96.

Grassia, 167, 229.

Greece, 264, 268.

Groups, 7 ; keys to, 99, 168.

Gujarat, 135, 180, 215, 239, 257, 273,

284,31.5.

Gum mounting fluid, 73.

hackorivar., 177,180,181.
Hairs: of adult head, 11, 12; of

adult thorax, 14-17; of larval

head, 35, 37, 38, 39 ; of larval

thorax, 35, 38, 40-42 ; of larval

abdomen, 35, 42-45 ; of pupa, 33-

34; of larval instars, 36.

halH, 170, 172.

Halmahera, 50 (map), 176, 238.

Halter, 16.

hanabusai, 278, 284, 286.

Haraku, 50 (map). 111, 238.

hargreavesi, 188.

Harpago, 30.

Hatching : of egg, 59 ; of adult, 61.

Head : of adult, 3, 4, 10 ; of larva,

35,37; oflarval instars, 36; angle

formed with thorax, 4; rotation

of larval head, 5.

Head-scales, 10.

Hibernation, 66.

Himalayas, 51, 52, 53, 54, 66, 128,

284, 287; Eastern H., 109, 123,

137, 139, 143. See aUo Darjee-

ling, Tibet. Western H., 54, 117,

122, 136, 286. -See otso Kashmir,
Ohamba, Kangra, Murree, Kasauli,
Simla.

Hindu Kush, 54.

hispaniola, 55, 251, 252.

Hong Kong, 109, 154, 160, 186, 209,

226, 244, 278, 201, 299.

Houmrdia, 229.

Humeral : cross-vein, 18 ; ornamen-
tation, 18.

hunteri, 145, 166.

Hyderabad, 181, 219.

Hypomelanism, 10.

Hypopharynx, 16, 26.

Hypopygium : male, 7, 9, 23, 29, 57,

77, 88, and imder species ; female,
23,24,31,32,78.

hyrcanus, 4, 13, 63, 67, 81, 133, 145,
151, 153, 159; varieties of, 145,

146, 152: var. nigerrlmus, 56, 86,

90, 92, 100, 101, 144, 145, 146,

151, 152, 153. 159; var. Sinensis,

56, 144, 146, 147, 152, 153, 164.

immaculatun, 10, 241.

impunctata, 257.

impunctus. 257.

implexus, 10,30,98.
indefinitus var., 231, 238, 239, 242.

indefinitus (vagus), 239, 241.

Indian element (of faiuia), 51, 52, 53,
55, 56.

Indian species, lists of, 102, 138,

144, 172, 188, 230, 252, 263. See
also Keys, 8], and Systematic
Index, vii.

indica (culicifaeies), 197.

inclica (maculatus), 262, 286.

indiensis {hyTC&mis), 145.

indiensis (splendidus), 296.

Indo-Chinese subregion, 51, 52.

Indus, 51, 55, 136.

Instars, 36, 60.

Insula, i. plate, 31, 32.

insulaeflorum, 40, 56, 81, 86, 91, 101,
102,104,105,107,111,114.

intermedia (stephensi), 262, 273.

mtermedms (barianensis), 117, 122.

Internal spine, 30, 31.

Internal structure, 3, 6, 7.

Interocvilar vertex, 12.

interruptus var., 56, 85, 101, 139,
143.

Irak. See Mesopotamia,
italicus, 55, 251.

Italy, 264, 268.

JalpaiguriDistrict, 203, 226, 229, 278.

jamesl, 56, 63, 84, 89, 93, 94, 263,

291, 294, 296.

jamesii of Listen, 291, 300.

jamesii, allied sp. James, 291.

jamesii ofSteph. and Christ., 291.

Japan, 6, 49, 52, 123, 128, 134, 154,

155, 160. See also Formosa.
japonicus var., 123, 128.
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Java, 108, 109, 111, 139. 145, 153.

155, 160, 167, 176, 181, 186, 209,

212, 216, 219. 220, 239, 240, 241,

244, 245, 249, 284, 296, 300, 306,

309.

javanenms, 241.

jesoensis, 154.

Jeypore Hill Tracts. 203, 208, 220.

225.

jeyporiensls, 52, .56, 63, 82, 89, 91,

92, 188, 220, 268. 273.

jeyporiensis of Kenriok ,270.

Jugoslavia, 268.

Kangra, 122, 136, 137, 286.

KarirHondjawals., 153.

karwari, 56, 63, 67, 83, 90, 94, 229,

263, 283, 288.
Kashmir, 122, 137, 154, 201, 208,

285, 286, 287, .306.

Kasauli, 122, 128, 136. 137. 144, 208,

257, 287.

Kathiawar, 311.

Kerbela, 55.

Kerteszia, 8.

Kharan, 202.

Khasi and Jaintia Hills, 128, 138,

143, 226.

Killing : adults, 69 : larvsp, 73.

kingi, 172.

kinoahitai, 182.

Kiaser. 50 (map), 244.

Knee-spots, 23.

kochi, 23, 56, 67, 81, 83, 87, 90, 171,

172, 183, 185.

Konkan, 111, 181, 294, 309. See
also Bombay City, North Kanara,
Goa, Savantwadi State, Salsette.

Korea. 155.

Krakatau, 153.

Kurseong, 123, 139, 143, 286.

Labella, 10.

Laboean Marege, 249.

Labium, 10, 14, 16.

Labrum, 16, 26.

Larva : behaviour, 60 ; struetiu'e, 5,

35,86; classif., 7; collection and
rearing of, 68, 69 ; preservation of,

73.

Lateral flange (pharynx), 26.

Lateral hairs : of larval thorax, 38,

40; of larval abdomen, 42, 43,

44.

Lateral papilla, 35.

Lateral plate (ofscoop), 35.

Lateral squame scales, 18, 21.
Leaflets: of phallosome, 32; of pal-
mate hairs, 35, 41, 44.

leesoni var., 203, 211.
Logs, 3, 22.

leptomeren, 203.

Lessor Sunda Is.. 50 (map). See
Bali. Lombok, Soombawa, Soem-
ba, Flores, Pantar. Timor, Alor,
Kisser, Wettar, Roma.

leumpus, 300.

leucosphyrus, 23, 56, 63. 67. 81, 83.
88. 91, 168, 170, 172, 177, 183,
185.

limosus, 231, 237, 241, 242.
Hndesayi, 40, 54, 56, 81, 86, 90, 92,

102. 123, 128, 129, 133, 143.
lineata, 300.
Linga, 50 (map), 108, 153, 160, 176,

249, 284.

listen, 251.
listoni, 203, 209, 214. See aim

fluviatilis.

listoni of Kinoshita, 210.
littoraHs, 249.

Lombok, 50 (map), 160. 176. 239,
244.

longipalpis, 188.

longiroBtris, 172, 185.

Lophoscelomyla, 102, 138, 144.
ludlowi, 230, 231, 245, 249. See also

sundaicus.

Lyu Kyu Is., 50 (map), 212.

Macedonia, 268, 269.
macedonieneiii, 264.
maohardyi, 172.

mocwtoto (lindesayi), 123, 128.
maoutetus, 56, 63, 67, 83, 88, 90, 93,.

94, 169, 262, 263, 278, 287, 288.
maculipalpis, 51, 262, 296, 299.
macuUpalpis ofJ. and L., 296.
maculipennis, 4, 40, 49.

maculosa, 286.

Madras (City), 239, 241.
Madras (Pi«s.), 33, 108, 117, 145,

181, 197, 213, 215, 219, 224, See
also South India, Nilgiri Hills,
Jeypore Hill Tracts, Malabar.

Madras Deocan, 257.
mahmouti var., 146, 152, 153.
majidl, 45, 54, 56, 83, 87, 91. 187,

188,226,283,290.
Malabar, 62, 53, 64, 116, 117, 181,

229, 273, 291, 294, 309.
Malaria, relation to, 67. See also

under species.

Lateral scale-tufts : of thorax, 15, Malay Archipelago, 50 (map), 61
17; ofabd..24. See oZ«o D. East Indies.
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Malay Peninsula, 51, 108, 109, 123,

153, 160, 167, 176, 181, 186, 212.

219, 239, 244. 249, 284. 291. 299,

309. See also Fed. Malay States.

Malaya.
Malaya, 154, 167, 177, 231, 246. 308.

Malayan fauna, 58, 143.

Malayan subregion, 51, 52.

inalayensisvar., 231, 238, 239.

malayennifi ofTiedeman, 242.

Male hypopygium. Sec Hypupy-
gium.

Maleimguos. 23, 77.

Males, Bwanning of, 65.

mandibles: of adult. 10, 16; of
larva, 40.

mangyanus, 209, 212.

Mansonia, 1.

marehalli. 188.

marteri, 121.

jnarzinowskii var., 146. 153.

martini, 155.

Mashonaland, 269.

niattogrossensis, 102.

mauritianus, 13, 138.

Maxilla: ofadult, 10,16; of larva, 40.

Maxillary teeth, 16.

Maximum striation, 21.

Media (JW), 18,20.

Median area (mesonotuin), 14, 17;

of egg-surface, 46.

Median plate (of scoop), 35, 44.

Median soale-tuft, 14, 17.

Median squamo-scalos, 18, 21.

Mediterranean area, subregion, 6,

49, 55, 108, 146, 168. 196. 264.

Mediterranean element (of fauna),

51,,53,,5.'), 56, 58.

Melanism, 10.

Memnemyia, 102.

Mentum, 35, 40.

merak, 209.

Meron, 14.

Mesepimeron, 14. 17.

Mesonotum, 14, 15, 16, 17.

Mesopotamia, 65, 146, 152, 192, 269,

277,315.
mesopotamite var., 146, 152.

Mesosome, 30.

Mesothorax : of adult, 14; of larva,

38,40,41.
nmtabohs, 273. 283.

Metamorphosis, 69.

Metathorax : of adult, 14; of larva,

40, 41 ; ofpupa, 33.

Micropile, m. area, 46.

Mid-gut, dissection of, 79.

minimus, 44, 55, 66, 63, 67, 83, 86,

91, 188, 207, 208, 209, 214, 219.

minvtus, 145.

Miocene, m. faima, 58, 59.

Moena. 50 (map), 160, 244.

mogliulensis, 20, 55, 56, 63. 82. 88,

93, 94, 224, 263, 268, 270.
Moluccas. 50 (map). 52. 108, 111,

160, 176, 181, 186. 238. 244, 249,
284.

molucconsis var., 172.

Monsoon, 66.

montanuB, 145.

mouchoti. 188.

Mouth-parts : of adult.s. 10. 1 G

;

of larva, 40.

Mounting: adults, 69; larx'SB, 73.

multicinctus, 172.

multicolor, 40 55, 56, 62. 67, 82, 88,

90,251,252,257,262.268.
Murree, 117, 122, 136. 154. 202, 208,

257.

Muscat, 55, 192. 201. 277.

Mvsore, 51, 108, 181, 215, 219, 224,,

229. 257, 309.

Myzomyia : genus, 229 : subgenus,
dassif., 7, 8, 9; structure, 22, 25.-

,30,95; distrib., 48, 51; egg, 46;.

larta, 37, 38, 41 ; phylogeny, 57,

58; pupa, 9, 34; svst.. 95, 99,

167, 186, 187; group, 8. 9, 10,

34, 49, 51, 58, 168, 170, 186, 229.

Myzorhynchella, 8.

Myzorhynclius (series). 102, 138, 144.

nagpori, 300.

natalensis, 172.

Natuna Is., 50 (map). 108, 1.53. 167,.

284.

Nearctic Region, 49.

Needles, dissection, 76, 79.

NeoceUia, 8, 9, 28, 51, .58, 169. 251,
262.

Neomyiomyia, 7, 8, 9, 34, 48, 49, 51,
57, 168, 170, 242.

Neostethopheles, 102.

Neotropical Region, 48, 49, 57.

Nepal, 245, 306.

nero, 145.

New Guinea, 108, 111, 160, 186, 238,
239, 244.

New World, 87, 97.

Mas Is., .50 (map), 108, 153, 160.

176, 181, 186, 212, 239, 244, 249,
284, 306.

nigenimus var., 145. For other
references see under hyrcanus.

Nightly turnover, 65.

nigrans, 288.

nigrifaficiatua, 257, 258.

nigripea, 117.

Nilgiri Hills, 108, 109. 116, 129, 130,,

185, 181, 225, 284.



368 ALPHABETICAL INDEX.

nilgiricus var., 56, 86, 102, 123, 127,

128, 129.
nili, 168, 171, 172.

nimbus, 30, 31,95.
nivipes, 307, 308.

Noesa Kambangan, 50 (map), 108,

111,160,167,176,249,306.
North Africa, 6, 257, 262, 269 ; N. A.

fauna, 49, 58; N. A. species, 121,

252, 296, 299. See also Algeria,

Tunis, Sahara, Egypt, Mediter-
ranean, Africa.

North America. See. America.
North China, 49, 128, 176. 262.

North India, 169, 208, 307. See also

Baluchistan, N.W.F. Province,

Punjab, United Provincei?, Kaj-
putana, Sind, N.W. India.

North-West Frontier Province, 53,

55, 58, 128, 137. 1,53, 160, 192,

193, 195, 196, 202, 208, 239, 262,

269, 277, 284, 286, 287, 306, 315.

.

North-West India, 108, 188, 192,

197, 208, 240, 245, 257, 264, 269,

270, 273, 284, 294, 306.

Northern Shan States, 155, 202.

Notched organs of N. and S., 35, 40.

novumbrosus, 163, 166.

tmrsei, 264.

Nussomyzomyia, 229.

NyssorhjTichus : subgenus, class, 8,

'98; dist., 48, 49, 98; pharynx,
25; hypop., 95, 98 ; larva, 41, 44,

45; pupa, 9, 34; phylog., 57, 58;
group, 8.

obscurus, 162.

Occiput, 10.

ocdlatus, 172.

Ocular chsetse, o. scales, 10, 12.

(Esophageal pump, 26.

Old World, 48, 97, 98, 102.

Oocysts, dissection for, 78.

Orbital hairs, 38.

Oriental alpine. /Sec Alpine.

Oriental element, 53, 54, 55, 56.

Oriental Region, 48, 49, 50 (map),
51, 52, 56, 58, 128, 146, 152, 153.

160, 166, 168, 169, 172, 180, 181,

182, 18.5, 186, 188, 212, 219, 230,

238, 244, 262, 304, 306.

Orisaa, 296, 309. -See also Bihar
and Orisaa.

Ornamentation : and clasaif., 7

;

of wing, 22 ; of larva, 37 ; tuid

phylog., 57.

Ovaries, 65.

Oviposition, 65.

Oxus, 56.

Paddle, 32, 34.

Paddle-hair, 9.

Paired finger-shaped appendages,
35.

Paired oval plates, 44.

Palaearctic Region, 6, 49, 54.

Palasogenic distribution, 48.

Palmomyzomyia, 229.

Palatal papillae, 26.

Palestine, 146, 151, 192, 197, 262,

269.

palestinensis, 264.

pallidopalpun, 170.

pallldus, 10, 54, 56, 63, 67, 84,

89, 91, 93, 263, 303, 305, 308,

309.
pallidus (aitkcni), 103.

pallidtM (barbumbrosus), 55, 160.

pahnatavar., 104.

Palmate hairs, 5, 35, 43, 44 ; in ecdy-
sis, 36; of motathorax, 38, 41 ; of
prothorax, 41 ; and phylog., 57.

See also under species.

Palni Hills, 135.

Palpi, 1, 10, 13.

Palpal index, 13.

pampanyensis, 308.

Pantar, 50 (map), 219, 239, 249.

Papilla (of larval antemia), 35, 40.

See also Lateral p.

Papua. See New Guinea.
papuffi (Bironella), 96, 104.

Parabasal spines, 7, 30, 31.

Paramyzomyla, 8, 9, 51, 169, 170,

251.
parangonsis, 308.

Paraproct,30, 31.

Passive dispersal, 65.

Patagiamyia, 102.

Pattern : formed by eggs, 59 ; of
larval head, 37.

pattoni, 262.

Peeten, 35, 44.

Pedicle 12.

peditieniatua, 146.

Pekin, 52. See also North China.
Peregrine distribution, 48.

Periatrial chitinisation, 31.

Persia, 55, 202, 269, 315. See also

East Persia.

Persian Gulf, 51.

persicus var., 252.

peryassui, 102.

Pescadores Is., 6, 60 (map), 244.
Petiole (offorked cell), 21.

Pharynx : structure, 24-29 ; cloasif.

by, 7, 8; phylog. and, 57; dis-

section of, 77.

Phallosome, 30.

pharoensis, 169.



ALPHABETICAL INDEX. 36»

PhiUppine Is., 6, 51, 65, 103, 105,

108, 123, 130, 153, 155, 159, 160,

161, 162, 167, 172, 176, 181, 182,

209, 212, 214, 219, 231, 239, 241,

242, 245, 246, 249, 284, 287, 290,

306, 307, 308, 309.
Phylogeny, 57.

pictuBvar., 146, 152.

Pigmented area : of pharynx, 25;
of larval head, 37.

Pilotaxy. iSee Cheetotary.
pitchfordi, 188.

pinjaurensis, 81, 91, 102, 107, 110.
Pins, pinning, 71.

pleccauvar., 123, 128.

Pleura, 3, 14, 17.

Pleural hairs : structiire, 38, 40, 41

;

classif. by, 7 ; and phylog., 57

;

of Anopheles, 10; of Neomyzo-
myia, 171 ; of Myzomjria, 187; of

Pseiidomyzomyia, 230; of Para-
ms^omyia, 251 ; of Neocellia,

263.

Pliocene, 58, 59.

plumbeus, 49, 54, 117, 121.

Plume -scales, 18, 21.

plumiger, 154.

popovi, 153.

Posfcarmature ridges, 26, 28.

Postgena, 10, 12.

Postgenital plate, 31, 32.

Postnotum, 17.

Postpronotum, 14.

Postsoutellum, 14.

Postspiraoular area, 17.

Postspiracular hair, 42, 45.

Prealar hairs, 14, 17.

Preclypeal hairs, 37.

Prepalmate hairs, 43.

Prosector area, 18.

pretoriensis, 51, 262.

Primary comb, 36.

Proboscis, 14.

Processes of ninth tergite, 30, 31.

Prootiger, 29, 31.

Proopimeron, 14.

Pronotal tuft, 16.

Propleural hairs, 14, 16, 17; and
phylog., 57.

Prostemal angle, 4.

Proterorhynchus, 102.

Prothoraoio lobes ; p. tuft, 16.

Prothorax : of adi:dt, 15 ; of larva,

38, 40.

pseudobarbliostris, 56, 91, 144, 169,

161, 162.
pgeudqjamemi, 294.

Pseudomyzomyla : olaasif., 8; dis-

trib., 51, 170 ; larva, 40 ; pupa, 9

;

key, 169; sy8t.,229.

DIPT.

—

^VOL. IV.

pseudopictus var., 146, 152.

pseudowillmori, 278, 286.

pulcherrlmus, 55, 67, 83, 89, 91, 93,
263, 311.

punctulatus, 171, 172, 185, 186.

punctidatuii of J. and L., 182.

Punjab, 110, 122, 123, 128, 136, 137,
144, 145, 152, 160, 186, 197, 203,
208, 240, 273, 286, 309, 311, 315.

punjabengig, 197.

Pupa : structure, 32-34 ; bionomics,
61 ; preservation of, 73.

pursati, 148.

Pyretophorua, 229.

Quetta area, 66, 202, 239, 257, 284,
269.

Radius(JS), 18, 20.

Rajputana, 160, 284, 311.

r^msayl, 40, 56, 67, 84, 89, 93, 94,

263, 293, 294.
Rearing of larvae, 68.

refutansvar., 130, 135, 138.

Remigium, 18.

Respiratory trumpet, 32.

Resting, angle of, 4.

Resting places, 64.

rhodesiensis, 168, 171, 187, 188, 192.

rAode«ie»«i« of authors, 188.

Riouw Is., 50 (map), 108, 153, 160,
167, 176, 219, 239, 249, 284.

Rods, 26, 28, 29.

Roma, 50 (map), 52, 239, 249.

de rooki (Bironella), 96.

rossii, 229, 231, 232, 242; swarming
of, 65.

Rotation : of head of larva, 61 ; of
hypopygium, 23.

Rudder-hairs, 42.

rufipes, 188.

Russia, 146. See aXso Central Asia.

Sabang, 50 (map), 249.

Saddle-hair, 42, 45.

Sahara, 257, 261, 262.

Saharan area, 55.

Salivary gland, 4 ; s. pump, 26.

Samarkand, 315.

Sanana, 111.

Sangirls., 50 (map), 108, 181, 212.
Savantwadi State, 108, 116.

Soale-structure, 4, 7, 18, 21, 24, 57.

Scape, 12.

schafineri, 262, 305.

Sclater'ssubreeione, 61, 52.

Scoop, 44; hairs of, 42.

Scutellum, 4, 14.

2b
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Season, 66.

Secondary comb, 36.

Sector area, 18.

Seistan, 202.

iseparatuB, 13, 145, 163, 166.

sergentl, 45, 56, 67, 83, 87, 94, 187,

188, 188.
Setse oflarval integument, 46.

Sex : adult, 1 ; larva, 61.

Shanghai, 51.

Shoulderhairs, 38, 40.

SJam, 55, 152, 153, 160, 161, 176,

186, 201, 208, 212, 219, 239, 244,

249, 284, 291. 294, 296, 299, 306,

309, 310.

Sibaroet, 50 (map), 160.

Simaloer, 50 (map), 244, 249.

Mmilis, 162.

Bimilissimus, 162, 166.

Simla, 122, 136.

slmlensls var., 54, 86, 102, 130, 135,

136, 137.

Sinai, 192, 193, 269.

Sind. .55, 160, 239, 284, 311, 315.

Sinensis var., 56, 144, 146, 147, 152,

154.

SintonJ, 3, 45, 54, 56, 63, 81, 85, 91,

101,111, 114, 115,116.
Siphon, 5.

Size, index of, 10.

smithi, 9, 168, 170, 172.

Soela. See Sula.

Soemba, 50 (map), 160, 176, 186,

219, 239, 244, 306.

Soembawa, 160, 176, 186, 219, 239,
244, 249.

Somaliland, 51, 192.

South Africa. See Africa.

South China, 49, 51, 160, 239, 244,

249, 284, 299, 306.
South India, 51, 129, 130, 135, 181,

186, 208, 219, 239, 240, 244, 278,

284, 291. 294, 299. See aho
Madras, Nilgiri Hills, Palni Hills,

Hyderabad, Coorg, Mysore, Tra-
vancore, Malabar.

Southern Shan States, 165, 202, 287.

Spain, 268.

Species : number of, 5, 64 ; key to,

81; of Anopheles, 102; of]U)pbD-
soelomyia, 138; ofMyzorhynohus,
144; of Neomyzomyi^, 172; of
Myzomyi^, 188; pf Pseu4omy?D-
myia, 230; of Paramyzomyia,
252; of NeoceUia, 268. See ako
systematic index.

Species "a" (of Csloutta), 300.
Speckling : of legs, 23; ofmipi, 13.
Spermatheca, 5; sp. duct, 31.
Spiracles, 35, 44.

Spiracular apparatus, 5, 14, 17, 3S,

44 ; sp. chitinisation, 44.

splendidus, 66, 63, 67, 84, 89, 93, 94,

263, 291, 294, 296.
Sporozoites, dissection for, 78.

Stephens!, 5, 10, 56, 56, 63, 67, 82, 88,

93, 94, 236, 263, 278.
stephensi ofMathis and L., 242.

Stemites, 3, 4, 23.

Stemopleuron, 14, 17.

Stethomyia, 8, 9, 30, 48, 95, 97.

Stigmatic hair, 43.

stigmaticus, 30, 98.

Structure : general, 1-5 ; adult,

10-23; pharynx, 24; hypopy-
gium, 29; pupa, 32; larva, 36;
egg, 46 ; internal structure, 3, 6, 7.

Style, 30, 31.

Subcosta, 18, 20, 21.

Subgenera : classif. of, 7, 8 ; key to,

97.

Submentum, 35, 40.

subplctus, 53, 56, 63, 67, 82, 87, 91,

93, 167, 169, 186, 229, 230, 231,
242, 244.

Sudan, 55, 192, 252.

Sula, 50 (map), 108, 160, 239.

Sumatra, 108, 130, 135, 153, 154,

160, 161, 187, 172, 176, 177, 181,

182, 186, 212, 216, 219, 231, 239,
241, 244, 245, 249, 284, 296, 300,

309, 310.

Sumatra, var. of A. gigasfrom, 135.

sundalcus, 56, 62, 67, 82, 87, 91, 92,

230,231,236,245,249.
Sundarbans, 249.

superpictus, 13, 51, 65, 56, 66, 67, 82,

88, 90, 93, 267, 261, 263, 264, 273.

Surface-film, 5.

Syria, 196, 269.

Swarming of males, 65.

Swatow, 299.

Tache (on proboscis), 14.

Tail-hairs, 42.

Tail-hooks, 46.

tmuxmensia, 182.

Talaud Is., 60 (map), 181.

Tarsal claws, 7.

Tarsus, 3, 23.

Tashkent, 208, 369, 3]L5.

Tecfanique, 68.

Tenasserim, SI, 62.

Terg^plat^s: otlairv^^M;8&,0i
ofanallobe, 42.

Tergites, 3, 23.

Temynalift. See JCypppygi^,
Tpmfte, 50 (map), J7P, 180, 288,

249.
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Terrain, 66.

Tertiary period, 58, 69.

tesseUatus, 23, 56, 67, 81, 83, 88, 90,

92, 171, 172, 176, 182.

theileri, 188.

theobaldl, 64, 56, 67, 84, 88, 90, 91,

263, 284, 287.

Thrace, 268.

Thorax : of adult, 3, 16, 16, 17; of

larva, 35, 37, 40.

thomtoni, 182.

Tibet, 137, 138.

Timor, 50 (map), 108, 163, 160, 219,

239, 244, 249, 284, 306.

Tipulidse, attitude of 8ome, 1.

Tonkin, 108, 153, 160, 167, 176, 186,

201, 208, 212, 216, 219, 225, 226,

239, 244, 284, 291, 294, 299, 306,

309.

tonkinenais, 225, 226.

Torus, 10, 12.

Transcaspia, 269, 315.

Transcaucasia, 268. See also

Caucasus.

Transitional subregion. See Medi-
terranean,

transvaalensis, 188.

Travancore, 291.

travestitus (Bironella), 95, 96.

treacherii, 103.

Tree-hole breeding species, 5, 9, 37,

38,45,49,51,116,117,122,144.
Trochanter, 3, 14,22.

Trochantjn, 14.

Tropical Africa. See Africa.

Tubes, for mosquitoes, 71.

Tubular apodeme, 26.

Tunis, 195, 196,262.
Turkestan, 55, 108, 117, 121, 152,

208, 264, 269, 273, 315. See also

Central Asia.

turkhudl, 37, 38, 40, 61, 55, 56, 61,

67, 82, 87, 90, 92, 169, 197, 251,

262,261.
turldiudi group. See Paramyzo-

myia.
Turko-Iranian element, 49, 56.

Turkomen Republic. See Trans-
caspia.

nmbrosus, 40, 56, 63, 67, 81, 86, 91,

101, 144, 162.

umbro8u» (funestus), 162.

umbrosris (nili), 162.

umbrosus (obscurus), 162.

imibrosuB var. (Swell.), 166.

Ungues, 4, 77.

United Provinces, 55, 108, 136, 137,

186, 212, 213, 21.5, 226, 240, 257,

286, 291, 300, 315.

vagus, 10, 56, 63, 67, 82, 87, 91, 93,

230,231,232,237,239,241.
vanus, 146, 155.

Varieties, number of, 5, 54.

varuna, 54, 56, 67, 82, 86, 91, 188,

207,212,214,217,219.
vassilievi, 264.

Venation, 17-21.

Venter, 3, 23.

Ventral fan, 42 ; in ecdysis, 36.

Vertex, 10.

vestitipennis, 102.

Vestiture, 16.

vincenii, 216.

Vizagapatam, 220, 273. See also

Jeypore Hill Tracts.

Wallace, regions of, 51.

walravensis, 188.

watsoni, 172.

wellcoinei, 188.

wellingtonianus, 128, 143.

West Africa. See Africa.

West Coast, 177, 181, 224, 284, 288,

291, 309. Sea also Malabar,
Konkan.

Western Himalayas. See Hima-

Western India, 49, 257, 273, 294.

See also Bombay, West Coast,

Konkan, Goa, Savantwadi State,

Calicut, Gujarat, Kathiawar.
Wetar, 50 (map), 160, 219, 239, 249.

wUlmorl var., 56, 67, 88, 90, 94, 263,

278, 284, 285, 286.

Wing : 3, 14, 17, 22; length of, 10,

20; venation, 17; scaling of, 21

;

ornamentation of, 22 ; technique

ofmoimting, 77.

Wintering, 66.

Zoogeographical regions, 47.

Zoophilism, 16, 64.
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[KiKST Ki>iTi()K,J J5y \\ . T. Blanforp.

*Part I. [I'rimatos, Carnivoiu, Iiis('ct.i\oi-a]. Pji. i-xii, 1-25(1, text-figs.

Aug. 31, 1888.

*Part 1 1, [('hiropteru. Koilontiu. Ungiilata. Cetacea, Sircnia, Edentata]. Pp. i-x.\,

2.->l-(il7, tfxt-Hgs. Dec. 18, 1891.

lA second edition, bt/ Mr. Mahti.v A. C Hin'Jo.n and Mr. K. 1. Pocock, is in course

of pirpanUiun. This edition, ifili jirobablfj occupy three volumes.]

BIRDS.

fKlE.ST KDfTION.]

*Vol. 1. [Passeros], By Euoenk VV. Oates. Pp. i-xx. l-.'i.'jO, toxl-figs.

Doc. 30, 1889.

*Vul. 11. [Passeros, coriehidedj. By ErcK.Sf: VV. Oatks. Pp. i-x, 1-407, toxt-figs.

Doe. 8, 1890.

Vol. [II. [EurylEeiui, Piei, Zygodactyli, Anisodaetyli, Maeruehires, Trogones,

Coeeyges, Psittaei, Striges, Accipitros]. By W. T. Blani-okd. Pp. i-xiv,

1-4D0, text-figs.
"

Oct. 2, ISO.").

Vol. IV. [Columba~, Ptorodotes. Gallina', Hemipodii, Gralto, Liniicola;, Gavias
SteganopoduB, Tubinares, Herudiones, l^hccnicoptori, Pygopodes]. By W. T.

BiANFOBD. Pp. i-xxi, l-f)00, f-ext-figs. April 2f;, 1898.

Second Euition. By E. C. Stuart Bakee.

Vol. I. [Passeros, Fam. I. Corvidro—Vlil. Tniglodytida']. Pp. i-xxiii, 1-479, 8 col.

pis., text-figs. Aug. 24, 1922.

Vol. II. [Passeros, Fam. IX. Cinelidae—XVII. Regulidae], Pp. i-xxiii, 1-561, 8 col.

pis., toxt-Iigs. April 30, 1924.

Vol. III. [Passores, Fam. XVIII. Irenida;—XXXIII. Eurylaimida']. Pp. i-xx,

1-489, 7 col. pis., map, text-tigs. March 20, 1926.

Vol. IV. [Coraeiiformes]. Pp. i-xxiv, 1-471, 7 eol. pis., text-figs. July 28, 1927.

Vol V. [Accipitrea, Columbto, Pterocletos, Gallina;, HemipodiiJ. Pp. i-xviii, 1-469,
'

6 col. pis., toxt-figs. March 21, 1928.

Vol. VI. [Grallai, Charadriiformes, Steganopodes, Tubinares, Herodiones, Pha;ni-
'

copterl, Anseree, Pygopodes]. Pp. i-xxv, 1-499, 3 pis., text-figs.

March 26, 1929.

Vol. VII. rSynonymical Catalogue, Passeree—Gralte]. Pp. i-viii, 1-484.

March 30, 1930.

Vol VIII. [Synonymical Catalogue, Gralla;—Pygopodes ;
Corrigenda and Addenda ;

'

Index]. Pp. i-iv, 485-801. Sept. 25, 1930.



REPTIUA and BATRACHIA.

[*FmST Edition, complete in 1 vol.] By Geoegb A. Bouienqek.

Pp. i-xvUi, 1-541, text-figs. Sept. 4, 1890.

Second Edition. By Malcolm A. Smith.

Vol. I. Loricata, Teetudines. Pp. i-xxviii, 1-185, 2 pie., map, text-figs.

March 27, 1931.

[Vol. II., Lizards, will be published during 1934.]

FISHES.

[FiKST Edition.] By Fkancis Day.

Vol. I. [Chondropterygii, Teleostoi (Physostomi ; Aoanthopterygii : Percidse)].

Pp. i-xviii, 1-548, text-figs. .Tuly 11, 1889.

Vol. II. [Teleostei (Acanthoptorygii excl. Percidie ; Anacantliini ; Lophobranehii ;

Plectognathi), Leptooardii]. Pp. i-xiv, 1-509, toxt-figB. Sept. 21, 1889.

{A second edition, by Dr. Sunder L.4L Hora, is in course of preparation. It is

anticipated that this edition will cvtend to at least Jive volumes.}

ARTHROPODA.
LEPIDOPTERA.

MOTHS. By G. F. Hampson.

Vol. I. [Fam. 1, Saturniidie—23, Hypsidse]. Pp. i-viii, 1-527,' text-tigs.

Jan. 10, 1893.

Vol. II. [Fam. 24, Arctiidic ; 25, Agaristida; ; 2B, Noctuida!]. Pp. i-iv, 1-609,
text-figa. March 9, 1894.

Vol. III. [Fam. 26, Noctuidse (Subfain. Focillinie, Deltoidinse) ; 27, Epicopudse ;

28, Uraniidie ; 29, Epiplemidsc ; 30, Geoiiietrida)]. Pp. i-xxviii, 1-546, text-figs.

Feb. 21, 1895.

Vol. IV. [Fam. Sl.Pyralidie; additions and corrections to Fam. 1-30]. Pp. i-xxviii,

1-594, text-figs. Dee. 1, 1896.

[Dates of publication as stated in MS. notes by Sir G. Hampson,
"teste Taylor & Francis."]

BUTTERFLIES. [First Edition.] By C. T. Bingham.
*Vol. I. [Nymphalidee, Nemeobiidsej. Pp. i-xxii, 1-511, 10 col. pis., text-figs.

March 2, 1905.

Vol. II. [Papilionidaj, Pieridie, Lycajnidse (part)]. Pp. i-viii, 1-480, 10 col. pla.,

text-figs. March 25, 1907.

[Vol. III. of the first edition was never completed. A second edition, by Mr.
N. D. Riley and Brig.-Gen. W. H. Evans, is in course of preparation.
This edition will embrace all the butterflies and willprobably extend to Jive volumes.']

COLEOPTERA.

ADEPHAGA.
General Introduction, and Cieindelidie and Paussidse. By W. W. Fowler. Pp. i-

XX, 1-529, text-figs. Received in Brit. Mus. (Nat. Hist.) Feb. 18, 1912.

Carabidse: Vol. I. Carabinee. By H. E. Andrewks. Pp. i-xviii, 1-431, 9 pU.,
text-figs. May 15, 1929.

STAPHYLINOIDEA

.

Staphylinidffi. By Malcolm Cameron.
Vol. I. [Subfam. Micropeplinse, Oxytelinaj, Oxyporin«e, Megalopinse, Steninse,

Enffisthetinte.] Pp. i-xvii, 1-471, 3 pis., map, text-figs. March 31, 1930.

Vol. II. [Subfam. Pasderinse.] Pp. i-viii, 1-257, 2 col. pis., text-figs. Feb. 28, 1931,

Vol. III. [Subfam. Staphylininse, Trichophyinso, Termitodiscinaj, PygosteninsB,
Tachyporinse.] Pp. i-xiii, 1-443, 4 col. pis., text-figs. March 30, 1932.

CLAVICORNIA.
ErotylidJB, Languriidse, and Endomychidse. By G. J. Abbow. Pp. i-xvi, I-4I6,

1 col. pi., map, text-flgs. March 21, 1928.



PHYTOPHAGA.
Cerambycida). By C. J. Gahan. Pp. i-xviii, 1-329, text-iigs. Nov. 9, 1906.

Chryaoinelidse.

Vol. I. [Eupodes, Camptosomes, Cyelica]. By Mabtin Jacoby. Pp. i-xx, 1-534,
2 col. pis., text-figs. March 14, 1908.

Vol. II. [Hispinae and Cassidinas]. By S. Maulik. Pp. i-xi, 1-439, toxt -flgg.

Aug. 9, 1919.

Vol. III. [Chrysomolinaj and Halticiniic]. By S. Maulik. Pp. i-xiv, 1-442, map,
text-figs. May 20, 1926.

[Vol, 1 v., Goleruoina;, in in active preparation, and will complete this aeriea.']

RHYNCHOPHORA.
Curculionid«3. [Parti. BrachyderiniB, Otiorrliynchina!.] By Guy A. K. Marshall.

Pp. i-xv, 1-367, text-figs. Nov. 28, 1916.

[-4 j)oi«me on Platypodida;, by Dr. C. F. C. M^KSom, is in preparation, and will

be followed by a volume on Scolytidse.]

LAMELLICORNIA.
Scarabeeidse. By G. J. Akbow.
Part I. Cetoniina;, Dynastin*. Pp. i-xiv, 1-322, 2 eol. pis., toxt-figs. Sept. 13, 1910.

Part II. Rutelinaj, Desmonycinas EuchiriniC. Pp. i-xiii, 1-387, 5 pis., text-figs.

May 6, 1917.

Part 111. Coprjna?.. Pp. i-xii, 1-428, 13 pis., map, toxt-figs. Dee. IS, 1931.

HYMENOPTERA.
Vol. I. Wasps and Bees. [Foasores, Diploptera, Anthophila.] By C. T. Bingham.

Pp. i-xxix, l-o79, 4 eol. pis., text-figs. March 29, 1897.

Vol. 11. Ants and Cuckoo-Wasps. [P'onnieidjc, Chrysididai.j By C. T. Bingham.
Pp. i-xix, 1-.506, 1 eol. pi., text-figs. April 7, 1903.

Vol. III. Ichneumonidce : I. lehnounionos Deltoidoi [Pimplinse, Tryphonina?, Ophio-
ninie]. By Claude Mobley. Pp. i-xxxvi, 1-531, 1 eol. pi., U'xt-figs.

March 28, 1913.

DIPTERA.
[Vol. I.] Nomatoeera, excluding [Cocidomyiidae], Chironoinidie, and Culieidaj. By

E. Bbunetti. Pp. i-xxviii, 1-581, 12 pis., text-figs. Dec. 17, 1912.

[Vol. Il.jBrachycera, Vol. I. [Stratiomyiida;, Leptida^, Nomostrinidae, Cyrtidje, Bomby-
liidie, Therevidic, Seenopinida^, Mydaida?, Empidai, Loncliopterida;, Platy-
pezidffi]. By E. Beumetti. Pp. i-ix, 1-401, 4 pis., toxt-figs. May 28, 1920.

Vol. III. Pipunculids, Syrphidw, Conopida), Oistridffi. By E. Bbunetti. Pp. i-xii,

1-424, 6 pis., text-figs. Maieh 1, 1923.

Vol. IV. Culicidffi, tribe Anopheliru. By S. R. Chbistophebs. Pp. i-xxi, 1-371,

3 pis., text-figs. Oct. 1933.

[Vol. v., Culicida;, tribes Mogarhinini atui CuUcini, by Capt. P. J. Bakraud,
will be published early in 1934. Vol. W., Musoida;, by Miss D. Aubertot and
Mr. R. Senior-White, and Vol. VII., Tabanidne, by Major E. E. Austen, are in

preparation.]

RHYHCHOTA.
By W. L. Distant.

Vol. I. Heteroptora [Pentatomidie, Coreids, Berytidte]. Pp. i-xxii, 1-438, text-figs.

Aug. 18, 1902.

Vol. II. Heteroptera [Fam. 4, LygasidtB—16, Capeidas.] Pp. i-xvii, 1-603, text-figs.

1903-^.

[First published in two parte : Part I, pp. 1-242, in Dec. 1903 ; Part II, pp. 243-503,

in April, 1904. The two parts later re-iaswd as one volume withjresh prejace.]

Vol. III. Heteroptera—Homoptera [Anthocoridse, Polyctenida;, Cryptocerata,

aeadidffi, Fulgoridse]. Pp. i-xiv, 1-503, text-figs. March 19, 1906.

Vol. IV. Homoptera [Membraoidas), Cercopidffl, Jaasidas] and Appendix [to Pentato-

midte, Coreidte, and Berytids], Pp. i-xv, 1-501, text-figs. 1907-8.

IFirst puhliahed in two parts : Part I, pp. 1-264, in Nov. 1907 ; Part II, pp. 266-601,

en Aug. 1908. Later re-issued as one volumt.]



Vol. V. Heteroptera : Appendix [Lygaeida^ to Cryptocerata]. Pp. i-xii, 1-362,
toxt-figs. Jan. 24, 1911.

Vol. VI. Homoptera : Appendix [Ci<'adidii>, Fulgorida-, Menibracidai, Cercopida>,
JaiMidre (pt.)]. Pp. i-viii, 1-248, text-figs. March 31, 1916.

Vol. VII. Homoptera: Appendix [Jassidiv (pt.)]; Heteroptera: Addenda [Penta-
toraidio, Coroidae, Berytidie, Lygicid;e]. Pp. i-viii, 1-210. text-figs. May 9, 1918.

ORTHOPTERA.
Aoridiid,T. By W. F. Kuiby. Pp. i-ix, 1-270, te\t-tig.s. June 9, 1914.

DERMAPTERA.
(Earwigs). By Malcolm Bitbr. Pp. i-x\-iii, 1-217, 10 ool. pis., 2 toxt-figs.

Fob. 3, 1910.

ODONATA.

\'ol. I. [Coenagriidie]. By F. C. Fkasek. Pp. i-xiii, 1-423. map, text-figs.

Mareli 1, 1933.

[Vol. JI,, Agriida? and Ooriiphidie, hij the same author, tn in at'live preparation.]

ARACHNIDA.
[Soorpiones, Uropvgi, Amblypygi, Solifugip, Aranoop (pt).] By R. I. PococK.

Pp. i-xii, 1-279, text-figs. Doe. 21, 1900.

MOLLUSCA.
[Vol. I.] TostacoUidie and Zouitida\ Bv W. T. Blasfoed and H. H. Godwin-

AUSTKN. Pp. i-xxxii, 1-311, te.xt-ligs. Dec. 7, 190S.

Vol. II. Trochomorphida"—Janellidic. By G. K. Gude. Pp. i-xii, 1-520, text-figs.

Nov. 24. 1914.

Vol. III. Land Oporculates (Cyilophorida;, Truncatelliil:i', Assimineida", Helici-

nidie). By G. K. Gudk. Pp. i-xiv, 1-380, 2 pis., text-figs. April 5, 1921.

[Vol. IV.] Freshwater Gastropoda and Polecypoda. By H. B. Pkeston. Pp. i-xi,

1-244, text-figs. Man* 31, 1910.

lAfJth volume, by l)r. Baini Prashai), (Icalimj with Peleoypoda, is in

active preparation.]

WORMS.
OLIGOCH^TA.

[In 1 Vol.] By J. Stephenson. Pp. i-xxiv, l-rdS, text-flgs. Jmie30, 1923,

HIRUDINEA.
[In 1 Vol.] By W. A. Harding [Rhynchobdellse] and J. Percy Moore [Arhyncho-

bdellse]. With an Historical Preface bythe Editor, A. E. Shipley. Pp. i-xxxii,

1-302, 9 col. pis., map, text-figs. March 23, 1927.

CESTODA.
By T. Southwell.

Vol. I. [Cestodaria, Eucestoda (cxcl. Ta>nioidea)]. Pp. i-xxxi, 1-391, map, text-figs.

May 29, 1930.

Vol. II. [Tasnioidoa]. Pp. i-ix, 1-262, text-figs. Dec. 29, 1930.

CCELENTERATA, etc
Freshwater Sponges, Hydroids and Polyzoa. By N. Annandale. Pp. i-viii,

1-251, 5 pis., text-figs. Sept. 21, 1911.

PROTOZOA.
[A volume by Dr. BraAKi Lal Bhatia, dealing with Ciliophora, ia in active

preparation, and will he followed by a volume on Sporozoa.]

TAYLOR & FRANCIS, Rbd Lion Cotjbt, Edbet St., Lokdon E.G. 4.




